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ABSTRACT 
 
Stated preference methods have long been used to estimate the monetary value of 
environmental goods and services. I add to the traditional use of choice experiment surveys by 
assessing different aspects of people’s preferences over stormwater management control features 
and outcomes.  I study whether heterogeneous status quo influence people’s willingness to pay 
for the provision of a public good. I also analyze the inclusion of willingness to help (WTH) or 
volunteering time as an addition to willingness to pay (WTP) the traditional approach that has 
the limitation of being focused on budget constraints only. I discuss the results and compare 
them in two different urban areas of the United States, which helps explore the stability of 
parameters across different urban areas. 
Stormwater management is a common environmental issue with a series of characteristics 
that makes it ideal for the purpose of this study. Stormwater control is a current concern in 
numerous urban areas across the country, where stormwater runoff becomes a problem, 
especially with urban sprawl and the impervious surfaces associated with urban growth. 
Stormwater runoff causes several environmental problems in addition to urban flooding, such as 
pollution, alteration of hydrological regimes and erosion, but these effects can vary greatly 
across small areas. Stormwater has been traditionally dealt with big infrastructure projects but 
there is a decentralized approach that involves smaller scale solutions with ancillary 
environmental benefits. Cities and municipalities struggle to find the optimal way to estimate the 
benefits associated with the decentralized stormwater control and consequently, set policies for 
its potential implementation.  
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I show that people are willing to pay for traditional water quality improvements but also 
for improved hydrological functions. I find that heterogeneous status quo affects the preferences 
over stormwater control and proves to be an important factor when designing policy due to the 
fact that some people might not benefit from certain policies. I also find that people are willing to 
help or engage in activities that require time like installation and maintenance of stormwater 
facilities, especially when it implies environmental benefits and not only reduction of flood 
events. Finally, the comparison between different areas shows that for most attributes, there is no 
significant differences in the estimates, and find certain factors that might influence preferences 
over stormwater management. 
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CHAPTER 1. INTRODUCTION 
Choice experiment (CE) survey methodology has been widely used for decades in 
marketing and economics to estimate consumers’ willingness to pay (WTP) for goods or services. 
This approach asks respondents to choose between different hypothetical goods or scenarios 
defined in terms of their attributes. In spite of the amount of published literature there are still a 
lot of questions to be answered on how to approach the valuation of the benefits of 
environmental goods and services. For my three-paper dissertation I conduct choice experiments 
to evaluate people’s willingness to pay for improving environmental attributes, which will allow 
me to contribute in extending the choice experiment methodology while answering empirical 
questions regarding people’s preferences.  
The first paper explores two different questions. First, I will assess what are the effects of 
state-dependent preferences and heterogeneous status-quo situations on total WTP for a public 
good that has variable benefit levels across space. Second, in the context of WTP for water 
quality improvements, I add to the literature by answering whether or not people value the 
hydrologic function of water bodies (non-use value) on top of water quality itself (use value). 
In the second essay I explore the possibility of including time, or willingness to help,  as 
an additional way to express value and therefore an additional willingness to pay that could add 
to the traditional monetary estimates. The monetary value of environmental amenities fails to 
account for people who put a value on the environment but cannot afford or do not want to spend 
money on it. By putting a value on the cost of time, I will be able to see how the inclusion of 
time as a payment vehicle can change the monetary estimates of WTP and whether or not this is 
a valid estimate of expressed value.  
 2  
Finally, the third paper adds to the literature by actually analyzing the results of a survey 
in two different locations with similar environmental problems but different levels of exposure to 
other aspects such as outreach programs or utility fees. In this case, I will address the question of 
how stable the parameter estimates are in different cities and what factors might be influencing 
this stability. 
The essays address these questions using the case of stormwater management policy. In 
urban areas, impervious surfaces increase stormwater runoff, which causes environmental 
problems such as flooding, soil erosion and water pollution. Conventional stormwater 
management has focused primarily on flood reduction, while a new generation of decentralized 
low impact development (LID) or best-management practice (BMP) stormwater solutions yields 
added benefits in the form of improved surface water quality, increased groundwater recharge, 
and improved aquatic habitat. This research will produce information about the values people 
place on different kinds of environmental improvements that can be accomplished with BMP 
stormwater approaches.  
This stormwater scenario offers an ideal opportunity to answer my questions on 
nonmarket valuation. Moreover, conducting the same survey in two different urban areas widens 
the scope of the results and allows for additional insight into the problem of environmental 
valuation.  
This document is organized as follows: first I present a short general framework that is 
common to all essays, to introduce basic concepts and definitions that I will be using. The next 
section is the first paper as it has been accepted for publication in Water Resources Research. 
Finally, the second and third papers are presented as the result of the same set of data, with 
common methods. 
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This research will contribute to academic research on choice experiment methodology by 
exploring various aspects of nonmarket valuation. Empirical evidence of people’s preferences 
over stormwater management control can help to shape the way policy makers design incentives 
to promote the use of new environmental technologies and thus overcome the barriers that seem 
to hinder the widespread implementation of apparently cost-effective stormwater management 
tools. That knowledge will support city, state, and federal policy makers make choices about 
stormwater policies.  
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CHAPTER 2. GENERAL FRAMEWORK 
2.1 NON-MARKET VALUATION TECHNIQUES 
Valuing the benefits of environmental quality is a big challenge for environmental 
economists. Because there are no markets for certain environmental goods, it is not possible to 
get price and quantity data directly, and it is necessary to infer value indirectly from market 
information or to use special techniques to value environmental change directly. 
Non-market valuation techniques can be broadly divided into revealed preference and 
stated preference techniques. Revealed preference methods measure the actual behavior of 
respondents reflecting utility maximization subject to constraints. Values of the environmental 
good must be inferred through the application of some model to the relationship between market 
goods and the environmental good or service. Therefore, revealed preference techniques rely on 
the non-market good or service being linked to a market good or service, which is not the case 
for many environmental issues. That is why nonuse values cannot be measured by indirect 
market methods.  
In contrast, stated preference methods require a respondent to “state” a monetary value 
for a non-market good or service or to make a selection between hypothetical bundles of goods 
and thus avoid the need for the link between a market and a non-market good or service. Stated 
preference methods draw their data from people’s responses to new alternatives available to 
policy makers rather than from observations of real-world choices [Freeman, 2003]. Among the 
stated preference methods, contingent valuation (CV) has been used extensively to estimate 
economic values for environmental goods, services and amenities [see reviews in Boyle, 2003; 
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Hanemann, 1994; Venkatachalam, 2004] but in the last decade the use of alternative discrete 
choice experiments has become a more popular method [Hoyos, 2010]. 
Contingent valuation (CV) studies typically describe a scenario/bundle and ask the 
respondents to either state a value for it or ask if they will be willing to pay a specified amount 
for the good. Attribute-based choice experiments (CE)/conjoint analysis estimate economic 
values for an environmental good or service that can be technically divided into different 
attributes [Holmes and Adamowicz, 2003]. Similar to CV, CE can be used to estimate economic 
values for any environmental resource, and can be used to estimate non-use as well as use values 
[Hanley et al., 1998]. CE however, allow estimation not only of the value of the environmental 
resource as a whole, but also of the implicit value of each of the attributes, and the value of 
changing one or more attributes [Alriksson and Öberg, 2008; Hanley et al., 1998].  
2.2 CHOICE EXPERIMENTS 
Choice experiments (CE), which were first used by Louviere and Woodworth [1983], ask 
respondents to compare and choose between scenarios with a variety of attributes. These 
attributes can be quantitative or qualitative and have different levels determined by the 
researcher.  
Usually, respondents are offered multiple choices consisting of two or more alternative 
scenarios of the environmental good or service to be valued, often including also the status quo 
alternative, i.e., the situation without additional environmental management [Hoyos, 2010]. The 
results of the choices among the alternatives are used to estimate the respondents’ willingness to 
pay (WTP) by modeling the probability of choosing an alternative [Alberini et al., 2006].  
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Varying the level of the attributes for each of the alternative scenarios allows the 
researchers to estimate the individual’s willingness to substitute between attributes. Monetary 
cost can be used as one of the attributes to calculate the implicit price, or the amount people are 
willing to pay for a change in the level of a specific attribute. In the same sense, one can use the 
monetary cost to calculate the WTP to move from the current situation, or status quo, to a given 
bundle of attributes [Meyerhoff et al., 2009] 
The use of choice experiments in the environmental field has increased significantly. It 
has been successfully applied to areas such as ecosystem management, environmental evaluation, 
product evaluation, pollution, and recreation with important implications for city planning and 
the development of environmental policies. However, since CE are still at a relatively early stage 
of development, several concerns arise regarding the validity of the estimates. Some of the main 
issues are choice-task complexity and cognitive effort, experimental design, preference 
heterogeneity and endogeneity [Hoyos, 2010; Smith, 2006]. 
The conceptual economic framework for choice based- conjoint analysis lies in 
Lancaster’s theory of demand [Lancaster, 1966], which assumes that utility is derived from the 
properties or characteristics of a good rather than from the good as a whole. Choice experiments 
are based on random utility maximization (RUM) theory where the different attributes contribute 
to utility together with a random component to capture the unobserved differences. 
In this framework, the indirect utility associated with choice j, Vj is decomposed into a 
deterministic (vj) and a stochastic component (εj): 
𝑉𝑗 = 𝑣𝑗�𝐱𝑗 ,𝛃� + 𝜀𝑗        (2.1) 
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Vj is the true indirect utility that is unobservable and should increase with desirable 
characteristics, xj is a vector of attributes and β is a vector of preference parameters. Choice is 
deterministic from the point of view of the individual but stochastic from the point of view of the 
researcher, so the random error term εj  reflects the researcher’s uncertainty about the individual’s 
choice.  
Usually a linear functional form is assumed for the indirect utility function [Pendleton 
and Mendelsohn, 2000] since a linear specification usually accounts for 70 to 90% of the 
explained variance [Louviere et al., 2000]. 
Then, for K attributes: 
𝑉𝑗 = 𝛃′𝐱𝑗 + 𝜀𝑗 = ∑ 𝛽𝑘x𝑘𝑗 + 𝛽𝑝𝑝𝑗 + 𝜀𝑗𝐾𝑘=1   (2.2) 
Where, 
βk: parameter associated with attribute k,  
xkj: attribute k in profile j, 
βp: cost parameter, 
pj: cost associated with choice j 
By differentiating (2.2), the β’s represent the marginal utilities of the attributes 
(βk=∂V/∂xk) and -βp is the marginal utility of money. The ratio between any two parameter 
estimates is the marginal rate of substitution between attributes (MRSkm = βk/βm) and the ratio 
between the parameters βk and -βp is the marginal value of attribute k. 
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The dollar value of having a particular bundle of attributes (option 1) instead of a status 
quo baseline (option 0) can be calculated with a compensating variation (CV) measure of WTP 
as: 
CV = 1
𝛽p
ln �∑exp(Vj1)
∑exp(Vj0)�       (2.3) 
where V0 represents the utility of the initial state and V1 the utility of the alternative state. 
A standard assumption using RUM is that errors are independent and identically 
distributed following a type I extreme value distribution [McFadden and Train, 2000; Pendleton 
and Mendelsohn, 2000]. This leads to the conditional logit (an extension of the multinomial 
logit) as the popular model for analyzing choice data, since it has a simple and closed form for 
probabilities. However it assumes that the ratio of the choice probabilities for two alternatives 
does not depend on any other alternatives, known as the independence of irrelevant alternatives 
(IIA) property, which is an inappropriate assumption for this context. 
In order to relax the IIA property one can specify a nested logit (if errors are assumed to 
have a generalized extreme value), a random parameter/mixed multinomial logit (if parameters 
are assumed to be randomly distributed in the population and error term is an IID extreme value) 
or a multinomial probit (if errors are assumed to be distributed according to a multivariate 
normal distribution) [Dow and Endersby, 2004; Louviere et al., 2000; McFadden and Train, 
2000]. 
To account for taste heterogeneity McFadden and Train [2000] introduced and tested the 
use of Mixed Multinomial Logit (MMNL) or Random Parameter Logit. In the MMNL the vector 
of parameters 𝛃  representing individual tastes is assumed to have a multivariate normal 
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distribution for the population and individuals are assumed to be draws from this distribution. 
Following Swait [2006] this can be represented as: 
𝛃𝒊 = β� + 𝝉𝒊  ,              𝝉𝒊 ~𝑀𝑉𝑁(𝟎,Ω)     (2.4) 
Where β� is the mean for the population and Ω is the covariance matrix of the distribution.  
The indirect utility function for the rth replication is now: 
𝑉𝑖𝑟𝑗 = 𝐱irj𝛃𝒊 + 𝜀𝑖𝑟𝑗 =  𝐱irjβ� + 𝐱irj𝝉𝒊 + 𝜀𝑖𝑟𝑗      (2.5) 
The MMNL can be represented as 
𝑃𝑗𝑟𝑖 = ∫ � exp (𝑉𝑗𝑟𝑖/𝛽𝑖)∑ 𝑒𝑥𝑝𝑘  (𝑉𝑘𝑟𝑖/𝛽𝑖)�𝜏 𝜑𝐿(𝜏|0,Ω)𝑑𝜏     (2.6) 
Where 𝜑𝐿(𝜏|0,Ω) is the Lth dimensional multivariate normal pdf with zero mean and Ω 
covariance matrix.  This probability can be estimated using simulation methods, with Halton-
based methods the most popular approach.  
Distributions such log normal, triangular or uniform have been used instead of the 
traditional normal distribution because they have desirable features for certain kind of variables 
such as cost [Hole, 2007; Swait, 2006] where the sign should be restricted. Also, it is common to 
leave some coefficients (including cost) fixed. 
 
2.3 STORMWATER MANAGEMENT IN URBAN AREAS 
Stormwater, as a result of rainwater and melted snow, can either soak into the ground or 
flow directly into surface waters. In the latter case it becomes runoff, which is of great 
environmental concern, especially in urban areas.  
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Empirical studies have consistently found that urbanization has major impacts on 
hydrological systems. The hydrological impacts of urbanization derive mostly from the increase 
in impervious surfaces such as buildings, roads and other paved areas, which reduce rainwater 
infiltration and increase stormwater runoff. These impacts include changes in the quantity and 
quality of water, such as higher concentrations of certain pollutants, stream channel erosion and 
hydrologic changes including larger and more frequent flooding events, reduced groundwater 
recharge and altered peak runoff volumes in streams (see, for example, Jacobson [2011]  for a 
review)  
Urban stormwater flows have traditionally been dealt with using conventional large-scale 
engineering solutions that collect runoff in piped networks to convey the water directly to surface 
waters (streams and rivers) and detention ponds. These technologies, however, can increase 
pollutant loads and tend to have a negative impact on the quantity of both surface and 
groundwater [Brabec, 2009]. New strategies exist for mitigating stormwater runoff. Low impact 
development (LID) is an approach to land development that intends to design hydrologically 
functional sites through small-scale practices such as bioretention, pervious pavements, 
bioswales, green roofs, rain barrels among other so-called “green infrastructure” systems or best 
management practices (BMPs). These tools intend to mimic nature in order to capture, 
temporarily store, treat and/or infiltrate stormwater [U.S Environmental Protection Agency, 
2000]. The LID approach has been found to result in increased retention of stormwater and 
pollutants on site [U.S Environmental Protection Agency, 2007] and there is active research 
regarding costs, benefits and relative performance compared to traditional stormwater 
management techniques [Garrison and Hobbs, 2011; Weiss et al., 2012]. 
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2.3.1 Regulation and Policy 
Introduced in 1972 under the Clean Water Act, the National Pollutant Discharge 
Elimination System (NPDES) permit program regulates point source water pollutants. In 
particular, the NPDES Stormwater Program is a two-phased national program for dealing with 
stormwater discharges. It regulates Municipal Separate Storm Sewer Systems (MS4), industrial 
activity and construction activity and requires those entities to implement pollution prevention 
plans or stormwater management programs using BMPs [U.S Environmental Protection Agency, 
n.d.]. Permitting authorities can be states or EPA Regional Offices.  
Consequently, there is a strong movement to encourage “green infrastructure” in order to 
comply with NPDES, and regulation to incorporate LID requirements in new and re-
developments where feasible. However, authorities struggle with the lack of benefit estimates to 
use in cost-benefit analyses of any such proposed regulations. 
The most common mechanisms to fund stormwater programs are property taxes and 
stormwater utilities or fees. The legal authority varies across states but it is usually left to the 
municipalities to charge annual fees to fund their stormwater control efforts. 
Property taxes are often not equitable for several reasons: the assessed value of the 
property does not have a direct relation to the amount of runoff it generates, also, some tax 
exempt properties as schools, universities or governmental properties can be big contributors to 
stormwater runoff but are exempt from property taxes. Instead, stormwater utilities can be either 
associated with metered water flow or with the area of the property. The stormwater utilities are 
calculated using one o three methods: Equivalent Resident Unit ERU, based on the total 
impervious area of the property, Intensity of Development, based on the percentage of 
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impervious area, and Equivalent Hydraulic Area, based on the combined impact of their 
impervious and pervious areas [EPA Region III, 2008]. 
By 2008, over 500 municipalities had stormwater utilities across the country ranging 
from $2 to $40 per quarter per home [EPA Region III, 2008]. Usually the fees have built-in 
credits or exemptions as incentives for better stormwater practices. Such fee and rebate approach 
has been implemented in the last decades across the US [Doll et al., 1999] without much success 
in having effective incentives for stormwater reduction in part because the charges have been set 
too low [Parikh et al., 2005]. 
Additional incentive approaches to deal with stormwater have been explored in the 
literature. A “cap and trade” stormwater allowance market was analyzed by Parikh et al., [2005]. 
They show the multiple economic and hydrological benefits of such policy but also the complex 
legal challenges it would have to face. 
2.3.2 Barriers to LID implementation 
There is plenty of literature on performance of different LID facilities, and guidance 
documents to design and construction (see, for example Weiss et al., [2012] for a review) but 
literature on policy implementation and program evaluation is very limited.  
Some factors have been identified as key to an adequate performance of LID facilities, 
including design and construction issues as well as maintenance. Results of a national survey 
reported by Erickson et al., [2009] show that almost 90% of the cities perform maintenance once 
a year or less, which can cause deterioration of the facilities. A recent field assessment in 
Virginia found that “maintenance is obviously a very critical issue” since nearly half of the 
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facilities evaluated presented some type of maintenance problem [Hirschman and Woodworth, 
2010].  
Several cities agencies and jurisdictions in the US are working in the promotion of LID 
initiatives. However, some barriers to a widespread implementation still exist. Doberstein, 
Lancaster, & Kirschbaum [2010] identify six barriers in the Pacific Northwest from the 
constructor/designer, regulator/policymaker and general public point of view. Of particular 
interest is the “homeowner acceptance, understanding and willingness to maintain facilities”. 
Another analysis by Roy et al., [2008] identifies similar barriers in Australia and the US and also 
mentions the importance of appropriate market mechanisms and public awareness. 
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CHAPTER 3. VALUING PREFERENCES OVER STORMWATER- 
MANAGEMENT OUTCOMES INCLUDING IMPROVED 
HYDROLOGIC FUNCTIONa 
3.1 INTRODUCTION  
Urban stormwater runoff causes many environmental problems. Conventional stormwater 
management has been designed primarily to reduce floods. However, a new generation of 
decentralized stormwater solutions can produce important ancillary environmental benefits. 
Previous research has estimated values for surface water quality [Carson and Mitchell, 1993; 
Van Houtven et al., 2007; Johnston et al., 2005] and for flood reduction from stormwater 
management [Bin and Polasky, 2004; Zhai et al., 2006, 2007], but no estimates exist for the 
values of some of the other environmental benefits of alternative approaches to stormwater 
control. This paper fills that gap by using a choice-experiment survey of households in 
Champaign-Urbana, Illinois to estimate the values of multiple attributes of stormwater 
management outcomes. This work adds to the valuation literature by exploring the combined 
effects of heterogeneous status-quo situations and state-dependent preferences on total 
willingness to pay (WTP) for a public good that has variable benefit levels across space and 
tradeoffs between attributes. 
Urbanization causes environmental problems by interfering with hydrological cycles. 
Roads and buildings create impervious surfaces which limit water infiltration and increase 
stormwater runoff during storms. Runoff contributes to flooding and water pollution and 
hydrologists have pointed out further that diminished infiltration starves streams of groundwater 
                                                 
a This chapter is a paper accepted to Water Resources Research, reproduced with authorization 
from John Wiley and Sons. License 3180270042463. Citation: Londoño Cadavid, C., and A. W. Ando 
(2013), Valuing preferences over stormwater-management outcomes including improved 
hydrologic function, Water Resour. Res., 49, doi:10.1002/wrcr.20317. 
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that supports base flows during dry periods [National Research Council, 2009; Zhang and 
Schilling, 2006]. Historically, urban stormwater has been controlled primarily with large-scale 
engineering solutions that convey the water directly to streams, rivers and detention ponds. 
These technologies, however, make stream flows excessively fast and heavy during storms, 
scouring stream beds and further degrading aquatic habitat in urban water bodies [Brabec, 2009; 
National Research Council, 2009b]. 
New strategies now exist for mitigating stormwater runoff. Such low impact development 
(LID) tools include elements such as bioswales, pervious pavement, cisterns, and green roofs 
[U.S Environmental Protection Agency, 2000] which capture, temporarily store, and infiltrate or 
evapotranspirate stormwater. The results can include better water quality, increased water table 
recharge, and healthier aquatic habitat [National Research Council, 2009b]. The U.S. 
Environmental Protection Agency (EPA) is considering new regulations [U.S Environmental 
Protection Agency, 2007] that might require developers to ensure that new development and 
significant re-development manages a significant amount of rainfall on-site; this would 
effectively require widespread implementation of LID development approaches, but the total 
benefits of that change are hard to estimate given gaps in the literature on the benefits of 
stormwater management.  
This paper is the first to present joint estimates of the monetary values of flood frequency 
reductions and environmental improvements from stormwater management. The results help to 
understand which type of flooding people care about most and consequently should be 
prioritized in terms of management in urban areas. This paper also measures the relative 
importance of ecological benefits in consumer WTP for stormwater management projects, which 
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can help federal and local policy makers evaluate the benefits of new stormwater regulations that 
implement LID techniques.  
Our work also contributes to research regarding the importance of current conditions to 
the value of environmental improvements. Flood frequency belongs to a category of 
environmental disamenities for which households in a single community might experience 
highly variable status quo conditions. Thus, a single intervention in the environment can have 
variable welfare effects on households depending on the conditions they currently experience.  
We test for state-dependent preferences in our analysis, and use those results to explore the 
implications of those preferences for the total welfare effects of policies with effects on multiple 
attributes of the environment.  
 
3.2 RELATED ECONOMIC LITERATURE 
One of the main negative consequences of stormwater runoff is flooding. Some research 
has estimated monetary values for the costs of flooding. For example, the effects of flooding on 
housing prices have been evaluated using hedonic property price functions [Bin and Polasky, 
2004; Harrison et al., 2001]. Those studies find that houses located in flood prone areas have a 
4-12% lower market value than equivalent houses located in a zone without flood risk.  However, 
hedonic price methods can only measure some elements of the benefits of stormwater 
management because they cannot capture the value to individuals of changes in environmental 
services with indirect benefits far from their homes such as improvement of water quality, 
habitat for aquatic species, and water-table recharge [Birol et al., 2006; Novotny et al., 2001]. 
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Another line of work has estimated the value of surface water quality in rivers and 
streams (e.g Carson and Mitchell [1993], Van Houtven et al. [2007]; Johnston et al. [2005], 
Whitehead [2006]) yet only a little of that research has been in urban or urbanizing areas 
[Bateman et al., 2006]. Some research has studied the values people place on dimensions of 
environmental quality in freshwater systems that are more complex than pollution levels [Loomis 
et al., 2000; Wilson and Carpenter, 1999]. However, research directly related to stormwater 
management outcomes is extremely limited. Several studies on the subject of stormwater have 
examined attitudes and behavior towards stormwater pollution [Dietz et al., 2004; Jorgensen and 
Syme, 2000] but do not quantify monetary values of the outcomes of stormwater management.  
Clark et al. [2002] try to investigate the relative importance of flood-control and ecological 
restoration objectives in watershed management practices, but that research was unable to 
identify separate values for the two types of stormwater-management outcomes due to 
limitations on sample size and survey design.  
Research in behavioral economics implies that individuals in a community might have 
preferences over a given level of an environmental quality attribute (such as flooding or water 
pollution) that vary if they have heterogeneous experiences with that attribute. Several valuation 
studies have found evidence of state-dependent preferences in the environmental arena. Tait et al. 
[2012] and Moore et al. [2011] document state-dependent preferences for water quality when the 
status quo varies across space, but the importance of this feature of consumer preferences has not 
been explored in settings that involve tradeoffs between elements of environmental quality. 
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3.3 METHODS 
3.3.1 Choice experiment technique 
Economists use many methods to estimate the values of environmental goods or 
disamenities. One set of methods are stated preference approaches, so called because they 
estimate values by describing a hypothetical environmental good or scenario to people and then 
ask those people to state in some way what they would be willing to pay to have (or to avoid) it. 
Two advantages of stated preference methods are: (1) they can be used to estimate the benefits of 
changes in environmental quality that are entirely hypothetical and cannot be observed in a real 
data set, such as improvements in urban hydrology that might arise in the future from widespread 
adoption of LID, and (2) they can measure what economists call non-use values (values someone 
has for helping the environment even they will not benefit directly from it) as well as use values 
(things like health or recreational benefits a person enjoys directly).  
This paper applies a particular kind of stated preference tool - choice experiment (CE), or 
conjoint analysis, valuation methodology - to evaluate people’s WTP for several elements of 
stormwater management outcomes. CE methodology has become increasingly widespread, with 
applications to areas ranging from valuation of environmental goods to consumer product 
marketing [Alriksson and Öberg, 2008; Hoyos, 2010]. CE methods can estimate total economic 
values for an environmental good that is comprised of a set of attributes that can be varied 
independently of one another [Holmes and Adamowicz, 2003; Hoyos, 2010]. In the process, CEs 
yield estimates of the value of each of a set of attributes of a good individually. Thus, the results 
can estimate the values of multiple alternative scenarios in which one or more attributes are 
varied simultaneously [Adamowicz et al., 1998; Alriksson and Öberg, 2008]. 
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We use CE methods for several reasons.  First, the outcomes of a stormwater-
management strategy – basement flooding, street flooding, backyard flooding, water quality, cost, 
and infiltration/aquatic habitat quality – can actually vary in different directions from one 
another depending on the nature of a city’s strategy. For example, basement flooding can be 
mitigated by temporarily flooding streets as miniature detention basins; all flooding can be 
reduced with large sewer infrastructure, but that can worsen water quality. Thus, it makes sense 
to describe a scenario of stormwater management outcomes in which the attributes vary 
separately from each other. Second, given this feature of stormwater runoff management, CE 
methods provide valuable information to policy makers by determining which type of flooding 
and features of environmental quality people care about the most and consequently should be 
prioritized. Third, CE analysis can readily be adapted to test for state-dependent preferences 
because it presents respondents with multiple scenarios and attribute values at multiple levels.  
Here we summarize the intuition, theory, and practice of CE methodology following 
Louviere et al. [2000] and Holmes and Adamowicz [2003]. In a typical CE survey, respondents 
are asked to answer multiple questions in which they compare and choose between two or more 
alternative designs of an environmental scenario to be valued. Each alternative consists of a set 
of attributes than can be quantitative or qualitative. Often the respondent is given the option of 
choosing a “status quo” alternative -- a situation without any change in the scenario away from 
current conditions [Hoyos, 2010]. The researcher chooses several levels of each attribute that can 
appear in a given choice scenario. Observing choices between scenarios that have varied levels 
of attributes permits the researcher to quantify an individual’s willingness to substitute between 
attributes. A person’s WTP is calculated by modeling the influence of attributes on the 
probability that the person chooses one scenario over the others. As long as monetary cost is 
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included as an attribute, one can estimate the marginal value of each of the non-cost attributes, 
and one can calculate total WTP to move from the status quo to another alternative with its own 
set of attribute values [Louviere et al., 2000; Meyerhoff et al., 2009]. 
The conceptual economic framework for CE analysis lies in Lancaster's [1966] theory of 
demand, which assumes that an individual benefits from the features of a good rather than the 
good itself. Choice experiments are based on random utility maximization (RUM) theory 
[Louviere et al., 2000] where the different attributes contribute to a person’s well-being (utility) 
together with a random component to capture the unobserved differences. 
In this framework, the utility associated with choice j, Uj, is comprised of a certain (vj) 
and a stochastic (εj) element: 
𝑈𝑗 = 𝑣𝑗�𝐱𝑗 ,𝑝𝑗;𝛃� + 𝜀𝑗        (3.1) 
where xj  is a vector of non-cost attributes, pj is the monetary cost of choice j, and β is a vector of 
preference parameters. The parameter Uj is indirect utility; it is unobservable to the 
econometrician, should decline with undesirable characteristics such as a higher frequency of 
flooding, and should increase with desirable characteristics such as higher environmental quality. 
Choice is deterministic from the standpoint of the individual but stochastic from the point of 
view of the researcher; the random error term εj reflects the researcher’s uncertainty about the 
utility the individual obtains from a given option. . In accordance with neoclassical economic 
theory of consumer behavior, individuals are assumed to pick the alternative that gives them the 
highest utility, i.e. the individual chooses an alternative j over l if and only if Uj > Ul. 
Usually a linear functional form is assumed for the utility function [Pendleton and 
Mendelsohn, 2000]. Then, for  attributes: 
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𝑈𝑗 = 𝛃′𝐱𝑗 + 𝜀𝑗 = ∑ 𝛽𝑘x𝑘𝑗 + 𝛽𝑝𝑝𝑗 + 𝜀𝑗𝐾𝑘=1   (3.2) 
By differentiating (2) with respect to each of the attributes, we see that the β parameters 
represent marginal utilities of non-cost attributes (βk=∂U/∂xk) and  –βp= ∂U/∂p captures the 
marginal utility of money because an increase in the cost of the hypothetical project directly 
decreases the amount of income the respondent has available to spend on other things. The ratio 
between any two parameter estimates is the marginal rate at which a respondent can substitute 
between attributes k and m while holding utility constant (MRSkm = βk/βm). Marginal WTP for 
attribute  is given by -βk/βp [Louviere et al., 2000; Holmes and Adamowicz, 2003]. Total WTP 
for a change between two scenarios (xj0 to xj1) is given by: 
𝑊𝑇𝑃 = �𝑈𝑗�𝐱𝑗0� − 𝑈𝑗�𝐱𝑗1��/𝛽𝑝      (3.3) 
3.3.2 Econometric methods 
We employ three econometric methods to estimate parameters from our choice 
experiment data. In this section we explain the standard conditional logit (CL) approach in detail, 
and describe the two other approaches we use: the mixed multinomial logit (MMNL) which 
controls for unobserved heterogeneity, and a weighted conditional logit (WCL) which controls 
for possible non-response bias. 
Following equation (1), the probability of observing the outcome in which an individual 
chooses alternative l in choice set C can be written as: 
Pr(𝑙 ∈ 𝐶) = Pr�𝑉𝑙 > 𝑉𝑗� ∀ 𝑗 ≠ 𝑙,    𝑙, 𝑗 ∈ 𝐶 
 = Pr�𝑣𝑙 + 𝜀𝑙 > 𝑣𝑗 + 𝜀𝑗� 
 = Pr�𝜀𝑗 − 𝜀𝑙 > 𝑣𝑙 − 𝑣𝑗�      (3.4) 
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A typical assumption in econometric implementations of RUM models is that errors are 
independently and identically distributed (IID) with a type I extreme value distribution [Holmes 
and Adamowicz, 2003; McFadden and Train, 2000; Pendleton and Mendelsohn, 2000]. This 
leads to the CL; this is the most common model for analyzing choice data because has a simple 
and closed form for probabilities.  
In this paper, we used the MMNL in addition to the standard CL because the MMNL 
models preference heterogeneity and has the capacity to deal with the fact that every respondent 
answers several choice questions, individuals are likely to have unobserved preference 
heterogeneity, and one person’s choice-question responses are likely to be correlated with one 
another. Details on this methodology can be found in Louviere et al. [2000]. For the MMNL, the 
utility of individual i choosing alternative j with K attributes becomes: 
𝑉𝑗
𝑖 = ∑ 𝛽𝑘𝑖x𝑘𝑗 + 𝛽𝑝𝑖𝑝𝑖𝑗 + 𝜀𝑖𝑗𝐾𝑘=1       (3.5) 
Error term εij has a type I extreme value distribution. The  parameters are assumed to be 
random and distributed independently of εij. In particular, the coefficients have a fixed and a 
random component:  
        (3.6) 
In practice, the MMNL can be estimated with many different assumptions for each of the ηki  
terms. It is common to assume ηki is normally distributed, though econometricians often employ 
a triangular or lognormal distribution for the distribution of a parameter if that parameter (such 
as the coefficient on the cost attribute) is expected to have a bounded range [Hensher and Greene, 
2003]. The results of a MMNL yield estimates of the median and standard deviation of the 
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distributions of each of the random coefficients’ distributions. If the standard deviations are 
statistically significant, then it is important to have controlled for unobserved heterogeneity. 
The third econometric model we employ is not commonly used in the CE literature, but it 
allows us to control for possible non-response bias. The WCL is a weighted version of the 
standard CL model in which the weights are estimates of the respondents’ “propensity” to have 
returned the survey [Hindsley et al., 2011]. Those estimates are derived from a probit regression 
of whether or not a household did return the survey as a function of demographic features of a 
household’s location [Cameron et al., 1996]. Because the correction for non-response bias is not 
appropriate for a MMNL model [Hindsley et al., 2011], we cannot carry out a regression that 
compensates for both problems. 
To run the probit regression, we merge information we have about how many surveys 
were delivered and returned in each block with 2010 Census data on households: block-level 
data on average household size, age and gender of household head, proportion of households 
with children and adults over 65 years old, and block group data on median income and level of 
education. This is similar to the approach of Cameron et al. [1996]. The estimated probability 
that household j does return the survey, 𝜋𝑗(𝑋𝑗) , is the same for each surveyed household in a 
block because they have the same characteristics Xj, respondents and non-respondents alike. In 
contrast to sample selection correction in regressions with continuous dependent variables, one 
does not calculate and include an inverse Mills ratio as a covariate in a CL setting to control for 
non-response bias. Instead, one uses the predicted probabilities from the probit regression to 
calculate propensity-score based weights [Hindsley et al., 2011; Manski and Lerman, 1977]. The 
weight, Wj, for an observation associated with respondent j is calculated as:             𝑊𝑗 = (1 − 𝜋𝑗(𝑋𝑗))/𝜋𝑗(𝑋𝑗)      (3.7) 
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which represents the odds that a respondent is a member of the random sample of 
nonrespondents given its characteristics. The weights are used as sampling or probability weights. 
3.3.3 Survey design 
We developed a survey to measure the values of flood reduction and environmental 
quality changes that are connected to stormwater management. We identified the attributes for 
our choice scenarios through informal interviews with professors of engineering and landscape 
architecture, community members, and personnel from local city government offices in two 
public meetings held by the University of Illinois. We chose attributes that community members 
were concerned about and that stormwater management design could actually influence; the 
wording of the survey was also informed by these public meetings as we learned what kind of 
language was familiar in a useful way to city residents and what language might provoke 
unhelpful responses from survey respondents. We pre-tested our original survey design with two 
focus groups of Champaign-Urbana residents, and modified the final survey in response to 
feedback from that process.  
The survey provided respondents with background information about stormwater 
management problems and controls and then presented respondents with six choice questions, 
each of which asked them to choose between a pair of hypothetical stormwater management 
projects that had varied values of the following six attributes (see Table 3.1): the frequencies of 
street, backyard, and basement flooding; surface water quality; rainfall infiltration; and cost (in 
the form of an annual stormwater utility bill). Each attribute had four levels including the current 
situation. Respondents could also choose to have no new stormwater management projects in 
their town; this opt-out option leaves flooding and environmental quality the same and entails no 
cost. An example of a choice question is shown in Figure 3.1. 
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Attribute levels were specified as changes relative to the current situation because 
respondents in different areas are likely to experience heterogeneous status-quo levels of 
flooding frequency. The survey included levels that are both lower and higher than the status quo 
to reflect the fact that stormwater control techniques can sometimes increase the likely 
occurrence of one type of flooding in order to decrease the frequency of another one, and 
stormwater management can either improve or degrade environmental conditions. 
For the water quality attribute, we used a modified “water quality ladder” applied in 
valuation research by Carson and Mitchell [1993], which translates technical water quality 
measures into simple categories which non-experts can easily understand. The ladder had four 
categories (from best to worst quality: drinkable, swimmable, fishable and boatable) that depend 
on levels of conventional pollutants. In our survey, boatable was the status quo level; we 
explained that and provided a simple description of each category. 
Recent research on stormwater management and LID has emphasized that LID strategies 
can improve measures of environmental quality other than water pollution [National Research 
Council, 2009b]. LID infrastructure such as rain gardens and permeable concrete increase 
infiltration while reducing runoff; this decreases the amount of impervious surface in urban areas, 
increases water table recharge, and reduces extreme fluctuations in the volume and speed of 
water flowing in streams [FISRWG, 1990]. Thus, we included an attribute of local environmental 
conditions which is summarized in the survey as “infiltration”. The survey instrument had a 
section with a simple explanation of the benefits of infiltration including water table recharge, 
pollution control, and improved general aquatic ecosystem health; the explanation made clear 
how increased impervious surface (and thus decreased infiltration) is associated with low fish 
populations and biotic integrity in local streams [FitzHugh, 2001; Fitzpatrick et al., 2005]. A 
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positive coefficient on the infiltration rates associated with hypothetical scenarios indicates that 
respondents value the health of local aquatic ecosystems. The categories of infiltration we used 
(very low, low, medium and high) translate into exact percentages of rainwater that infiltrates 
(instead of becoming runoff) as shown in Table 3.1. The choice questions were followed by two 
sets of simpler questions. Respondents answered a demographic questionnaire and a set of 
questions about their experiences with flood frequency and their willingness to allow installation 
of decentralized stormwater controls on their property. 
In order to decide exactly which combinations of attributes respondents should be asked 
to choose between, CE survey design uses statistical methods to develop an experimental design 
(the combination of attributes and levels that result in different alternatives or profiles included 
in the choice questions). We used an orthogonal fractional factorial main effects design to assign 
attributes’ levels in the scenarios presented in choice questions; this is standard in the choice-
experiment literature [Holmes and Adamowicz, 2003; Louviere et al., 2000; Street et al., 2005]. 
Such a design avoids correlation between the levels of multiple attributes in the choice 
alternatives with which people are presented. We created a design with 36 choice sets using a 
Macro for SAS 9.2 [Kuhfeld, 2009] and then blocked it into six sets so each survey had six 
choice questions for the respondents to answer. A limitation of our experimental design is that it 
does not permit interactions between attributes to be estimated. However, main effects often 
capture most of the variance in a CE model [Louviere et al., 2000].  
We administered this survey to households in the twin cities of Champaign and Urbana, 
Illinois. According to the United States Census Bureau, out of the 366 Metropolitan Statistical 
Areas, Champaign-Urbana is the 191st largest in population with over 230,000 people in 2011.   
This area is typical of small growing urban communities, with two downtown cores and 
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expanding residential and commercial development at the fringes that is increasing impervious 
surfaces and burdens on storm sewer infrastructure. According to the Clark Dietz Inc. [2009] 
significant surface flooding (one to three feet deep) occurs in several locations of the city when 
rainfall events exceed a one-year return frequency (that is, the average recurrence interval of 
events of that intensity is one year). Water quality in streams around this area is only “boatable”. 
We distributed the survey to 1,000 randomly selected residents in the early summer of 
2010 and spring 2011. The houses were chosen randomly from US TIGER/Line® block-level 
shapefiles [Geography Div. U.S Census Bureau, 2009]. We used a variation of a drop-off/pick-
up method of survey administration [Steele et al., 2001], delivering surveys directly to 
respondents’ front doors and picking them up two days later.  
The definitions of the variables used in the econometric models are presented in Table 
3.2. The dependent variable for the regressions is a discrete indicator of which of the options in a 
given choice question was chosen by the respondent. The coefficients on infiltration and on 
water quality that is swimmable or fishable are all expected to be positive because infiltration is 
an amenity and both swimmable and fishable water are cleaner than the status quo of boatable. 
We expect the coefficients on street flooding, basement flooding, polluted water, and cost to be 
negative because flooding is a disamenity, polluted water is worse than the status quo category, 
and the coefficient on cost is minus the marginal utility of money. We expect the coefficient on 
basement flooding interacted with owning a basement to be negative, because basement flooding 
will matter more to people with real basements. We also expect the interaction term with 
flooding experience to have a negative coefficient because people with large status quo flood 
problems may be more concerned about a given percentage flood increase. 
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However, people are not randomly assigned houses in which to live. Recent research on 
locational sorting [Bayer and Timmins, 2005] points out that individuals can and sometimes do 
choose houses according to their personal preferences regarding the state of the environment at 
different locations. Hence, it could be that people who live in houses that are flood prone have 
relatively low WTP to avoid flooding in comparison with other people in this housing market. In 
that case, the flood-experience variable would be endogenous [Englin and Cameron, 1996; 
Whitehead, 2006]. We do not have sufficient data to use an instrumental variable approach to 
control for this [Whitehead, 2006]. Thus, the coefficient on the experience interaction term may 
pick up two competing effects: a given person might be WTP more for flood prevention if they 
are suffering more from floods, but people in flood-prone areas might be of a type that worries 
less about a given level of flooding. 
 
3.4 RESULTS  
We obtained a total of 140 responses and a final useable data set of 131. In choice 
experiments, a unit of observation is a choice question rather than a respondent. Because each 
survey has multiple choice questions, this sample size is sufficiently large to identify individual 
coefficients and permit robust hypothesis testing. The response rate from this round of surveys is 
not high. This is an increasingly common feature of paper surveys [Groves, 2006; de Leeuw and 
de Heer, 2002], which may have been heightened in this case by the short amount of time 
between dropping off and picking up the surveys. Methodological research finds that response 
rate alone is a poor predictor of the presence or extent of nonresponse bias in survey findings, 
and that response rates may be less correlated with the extent of bias in cases like ours where 
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response was affected by survey administration features that are not highly correlated with the 
subject of the survey [Groves, 2006]. We can evaluate the severity of non-response bias in our 
study by comparing the results of the CL and WCL regressions. 
Some summary statistics for several of the non-choice questions in the survey are shown 
in Table 3.3. We can compare some of these statistics to Census data for the towns in our study 
area. Our sample is close to the Census report in having an average household size of around two 
people. Slightly more women than men answered our survey (we have 41% men, as opposed to 
50% in the Census data). Our respondents are slightly older than the full population (54 as 
opposed to 38 and 37 years old in the two cities) though the Census average age lies just within 
the standard deviation of our sample mean. Our respondents are slightly more well educated than 
the full population, with 64% of our sample reporting a bachelor’s degree or higher (compared to 
50% and 55% in the Census data for the two cities); Champaign-Urbana is home to a major 
university, a community college, and two hospitals. One major difference is driven by the fact 
that we did not survey people in large apartment buildings (hence 85% of our sample owns their 
residence, as opposed to 46% and 35% in the Census data for the two towns). Our results may 
not be representative of people who live in such dwellings.  
Other statistics cannot be compared to census data. Our sample is not uniformly allied 
with environmental groups. Over 89% of the homes have a basement or crawl space. Table 3.3 
also makes clear that self-reported flood frequency experience is highly variable in our sample; 
some respondents never experience flooding of any kind near their homes, while others report 
flood problems every time it rains.  
The choice data were analyzed using a CL, a WCL, and a MMNL regression as described 
in section 3.2. The MMNL model was estimated with maximum simulated likelihood using a 
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program developed for STATA by Hole [2007]. We assumed most of the random attribute 
parameters were normally distributed, but used a lognormal distribution for the cost parameter to 
constrain the sign of the parameter over its range.  Some studies specify at least one of the 
coefficients (usually the coefficient on the cost variable) to be fixed rather than random to avoid 
problems with convergence [Revelt and Train, 1998] but since our model converged within a 
reasonable number of iterations we allow all the coefficients to be random.  The results of the 
first-stage probit regression for the WCL are shown in Table 3.4. None of the individual 
coefficients are significant even at a 10% level, but the test for joint significance of all the 
variables in the regression is significant at a 5% level. This estimated regression equation was 
used to generate weights for the WCL. 
The results of the main regressions of interest are presented in Table 3.5. The likelihood 
ratio test for all three models has a very small associated p-value. The first two columns of Table 
3.5 have broadly similar results. Nearly all the coefficient signs and levels of significance are 
unchanged by the survey-response propensity weighting; even the absolute values of the 
estimated marginal values given in Table 3.6 are similar across the two regressions, though the 
point estimates of those marginal values are slightly smaller in the WCL results. The main 
difference between the weighted and unweighted CL results is that weighting causes the 
backyard flooding variable to become insignificant; however, that variable was only significant 
at the 10% level in the unweighted CL results. Overall, the regression results in Table 3.5 
indicate that sample selection bias is not a severe problem in our analysis. In contrast, it appears 
to be important to control for individual heterogeneity. In the MMNL specification, many of the 
parameters have significant standard deviations around their mean; unobserved heterogeneity is 
significant for these attributes. In addition, the MMNL yields much more conservative estimates 
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of marginal WTP values than the CL. It seems that the CL model is dominated by the MMNL 
model for analysis of our data. Thus, we focus the rest of our discussion on the MMNL results.  
In the MMNL model results, all coefficients have the expected signs and all of the 
environmental variables are significant at a 5% level or better. The coefficient on infiltration is 
positive and significant; people place positive value on hydrological improvements other than 
pollution reduction that are associated with LID style stormwater management. In addition, the 
coefficients on “swimmable” and “fishable” are positive and the coefficient on “polluted” is 
negative. The status quo of “boatable” lies between those ”polluted” and “fishable” so people 
clearly gain utility from improved water quality. However, statistical tests fail to reject the 
hypothesis that the coefficients on “swimmable” and “fishable” are equal to each other in each of 
the three regressions (the p values are 0.2395, 0.1023, and 0.3510 for the conditional logit, 
weighted conditional logit and mixed multinomial logit respectively). Either our survey 
respondents do not place more value on having water in which they could swim instead of just 
fish, or they did not carefully distinguish between different levels of improvement when 
answering the survey questions. 
Backyard flooding is significant in the MMNL regression but street flooding is not. In 
regressions not reported in this paper, we verify that the insignificance of street flooding is not 
changed if we add interaction terms of street flooding with past street flooding experience, a 
dummy for whether or not the respond was younger than 65 years old, or a dummy for whether 
the respondent had experienced basement flooding (in case one type of flooding sensitizes them 
to all); none of those coefficients are significant at even the 10% level. Basement flooding is not 
significant without interactions; these results suggest that people are willing to pay to reduce 
basement flood rates, but only if they have a basement and have experienced such flooding in the 
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last two years. The fact that the standard deviation on the coefficient for street flooding is 
significant indicates that some people in the sample might have positive WTP to reduce the 
frequency of street flooding, but the mean WTP is not significantly different from zero.  
Table 3.6 summarizes marginal WTP estimates for attributes; these were calculated using 
the median values of all parameters for both models. The numbers in Table 3.6 represent the 
annual amount of money a representative person or household is willing to pay for a unit change 
in each attribute. In the case of flooding, the figures represent the value of reducing the 
frequency of flooding by one percentage point. Thus, to make basement flooding 50% less 
frequent, people who have basements and have experienced basement flooding would be willing 
to pay around $35 per year. Note that if the locational sorting discussed earlier is a major factor 
in this housing market, that value is biased down relative to the amount the average resident of 
Champaign-Urbana would be willing to pay to reduce flooding.   
It seems from the results that people are willing to pay for improving environmental 
quality of streams, which is consistent with previous literature on valuation of water quality. 
Respondents are willing to pay over $38 per year for a discrete improvement of quality from 
boatable to fishable, and would be willing to pay $40 per year to avoid further deterioration of 
water quality in streams.  These findings certainly fit within the range found by previous work in 
the literature; other studies of the value of improved water quality in U.S. surface waters have 
found values as low as less than ten dollars and as high as hundreds of dollars [Johnston et al., 
2005; Van Houtven et al., 2007] depending on factors such as the size of the water quality 
change, the methodology used, geographic variation, and household characteristics. 
In addition to traditional water quality, the hydrological properties of the watershed seem 
to matter. People are willing to pay almost half a dollar a year to improve a percentage point in 
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infiltration, which translates to around $34 per year to go from the worst to the best possible 
category of infiltration rates in their watershed (from 25% to 95%). 
We use these results to explore the total benefits (or losses) to citizens in this community 
of projects that change multiple stormwater outcomes at the same time; in the discussion below 
we describe estimates based on median marginal WTP values and on marginal values from the 
lower bounds of the 95% confidence intervals (Table 3.7). Given that 58% of houses in our 
sample have a basement and have experienced flooding and the population of the survey area is 
around 50,000 households [U.S Census Bureau, 2010], citizens of this urbanizing area would be 
willing to pay approximately $580,000 ($220,000)/yr for stormwater control that reduces 
basement flood frequency by 25%. Furthermore, if a stormwater management project also 
improved environmental quality (25% percent improvement in infiltration rates and an 
improvement in water quality to a fishable level) this community would obtain additional 
benefits valued at about $2,700,000 ($1,300,000)/yr.   
However, the presence of heterogeneous status quo conditions means that, in general, 
caution must be taken when deciding whether to undertake a stormwater management project 
that entails tradeoffs between attributes of the outcome. For example, if the project that reduced 
basement flood frequency by 25% also reduced water quality of streams in the area from 
boatable to polluted, median parameter estimates indicate that the net benefit of the project 
would be negative – around -$1,500,000 – though if we use conservative estimates of the harm 
done by decreasing water quality and the benefits of reducing basement floods, then the net 
impact is negligibly positive. Some households benefit from the flood reduction, but all are 
harmed by the decrease in water quality; the balance can easily be negative for the community as 
a whole.  
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The calculations in Table 3.7 should be interpreted with caution. If, for example, the 87% 
of households that did not return the survey place zero value on all of the attributes, then median 
WTP for flood reduction and environmental improvement would be zero and the hypothetical 
projects in Table 3.7 would have little value. However, this result would be inconsistent with the 
extant literature that finds positive values for flood reduction and water quality, and when we 
control explicitly for possible non-response bias we do not find evidence that this is a very 
serious problem in our study.  
 
3.5 CONCLUSION  
In this paper we have used a choice experiment to evaluate people’s preferences over 
stormwater management outcomes in an urbanizing area. We find significant unobserved 
heterogeneity in the coefficients on most of the attributes in our study, lending further support to 
the growing body of CE evidence that simple conditional logit estimation is often not appropriate 
because of individual heterogeneity. In contrast, we do not find strong evidence of serious non-
response bias in our regression results even though our survey response rate was fairly low. 
Our results find that people are willing to pay to reduce flood frequency (especially in the 
case of basement flooding) but the value of flood reduction depends on how much flooding 
people currently experience. We also find that citizens place large value on changes that would 
improve hydrologic function in a watershed, in addition to being willing to pay for 
improvements in conventional pollution-related stream water quality. This is the first research to 
estimate the benefits of modern stormwater associated with improvements in the environment 
other than reduced water pollution. The findings imply that these benefits are significant; policy 
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makers and managers would benefit from more research on this subject that covers more 
urbanized areas and that samples citizens who live in apartment buildings as well as single-
family homes. 
Implementing LID technologies has proved to be less expensive than conventional 
development in a number of case studies throughout the Unites States, with monetary savings 
ranging from 15% to 80% [Braden and Ando, 2011; U.S Environmental Protection Agency, 
2007] and environmental benefits relative to conventional stormwater management strategies 
that include pollution reduction, groundwater recharge, reduced water treatment costs, and 
habitat improvements. Cities across the country are developing a wide range of policies to 
improve stormwater management, and EPA is evaluating regulations that might mandate 
significant onsite management of stormwater nationwide. Our results imply that such regulations 
can have large monetized benefits relative to the costs of new LID-style development, especially 
if care is taken to design policies to improve hydrological function in urbanized areas instead of 
focusing entirely on minimizing flood risks. However, our findings also contain a cautionary 
lesson: policies and municipal storm sewer projects that worsen aquatic habitat in a quest to 
reduce flooding that affects only a subset of households in an area may have questionable net 
benefits for the community as a whole. 
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3.6 TABLES AND FIGURES 
Table 3.1. Attributes and levelsa in the choice experiment questionsb  
Category Attributes Levels 
Type of 
flooding 
Number of street floods within 1 
block of your house 
50% less frequent than current 
25% less frequent than current 
Current frequency 
25% more frequent than current 
Number of floods in your 
backyard  
50% less frequent than current 
25% less frequent than current 
Current frequency 
25% more frequent than current 
Number of floods in your 
basement  
50% less frequent than current 
25% less frequent than current 
Current frequency 
25% more frequent than current 
Environmental 
attributes 
Quality of water in nearby 
streams 
Better quality: Swimmable 
Better quality: Fishable 
Current situation: Boatable 
Worse quality: Polluted 
Water infiltration  More infiltration: High (90-100%) 
Current situation: Medium (75-89%) 
Less infiltration: Low (51-74%) 
Less infiltration: Very low (0-50%) 
Cost Annual stormwater utility bill $0 
$20 
$40 
$70 
a This table lists all the possible levels that each of the scenario attributes can take in a given 
choice scenario.  
b Status-quo levels are shown in bold font. 
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Table 3.2. Definition of variables used in the model and expected signs 
Variable Description  
Expected 
Sign 
Cost Annual stormwater utility bill - 
Street flooding Frequency of street flooding  
(% change) 
- 
Backyard flooding Frequency of backyard flooding  
(% change) 
- 
Basement flooding Frequency of basement flooding  
(% change) 
- 
Basement flooding * (Basement 
owner?) 
Interaction between frequency of 
basement flooding and dummy for 
basement owners  
- 
Basement flooding * (Basement 
owner?)*(Flooding experience?) 
Interaction between frequency of 
basement flooding, dummy for 
basement owners and dummy for 
people who report basement flooding 
in the last two years 
- 
Infiltration Rate of infiltration + 
Water quality = Swimmable Dummy for water quality = swimmable + 
Water quality = Fishable Dummy for water quality = fishable + 
Water quality = Polluted Dummy for water quality = polluted - 
 
Note: The dependent variable for the regressions is a discrete indicator of which of the options in 
a given choice question was chosen by the respondent in question.   
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Table 3.3. Summary statistics for selected non-choice questions  
     Census datab 
Variable Mean Std. Dev. Min Max Champaign Urbana 
Age 54.47 16.15 26 93 37.9c 36.8c 
Dummy for gender: 1 if male 0.41 0.49 0 1 50.9% 50.1% 
Dummy: 1 if college degree or 
more 
0.64 0.48 0 1 49.8%d 55.4%d 
Number of people in household 2.12 0.99 1 5 2.25 2.12 
Dummy: 1 if house owner 0.85 0.35 0 1 45.7% 35.0% 
Dummy: 1 if belongs to 
environmental group 
0.13 0.34 0 1   
Number of years at current home 16.11 12.55 0.25 55   
Dummy: 1 if house has basement 
or crawl space 
0.89 0.31 0 1   
Self-reported street flooding 
frequency a 
7.21 19.85 0 105   
Self-reported backyard flooding 
frequency a  
1.62 2.98 0 20   
Self-reported basement flooding 
frequency a 
3.81 7.49 0 40   
Dummy: 1 if ever seen LID 
infrastructure 
0.60 0.49 0 1   
a Self-reported flooding events in the last two years 
b Source: U.S.Census Bureau, 2010 Census data, American FactFinder. The total population of 
Urbana in 2010 had a total population of 41,250; the total population of Champaign was 81,055. 
c Approximate average age of adults ages 18 or over, calculated from Census population table 
d Percent of adults age 25 and older with a bachelor’s degree or higher 
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Table 3.4. Probit regression of probability of survey responsea 
Variable Coefficientb 
Ln(household median income) -0.117 
(0.152) 
Median age 0.00748 
(0.0110) 
Average household size -0.291 
(0.254) 
Household has children under 17 c 1.407 
(0.890) 
One-person householdc 0.0210 
(0.646) 
Educational attainment of head of household c  
   High school  -0.0823 
(1.872) 
   Attended college -1.932 
(1.794) 
   College degree  0.383 
(1.363) 
   Grad school  -0.00383 
(1.351) 
Head of household white c  0.0112 
(0.728) 
Head of household black c -0.842 
(0.930) 
Head of household over 65 years old c  0.598 
(0.746) 
Head of household male c  -0.364 
(0.360) 
Head of household owns residence c 0.180 
(0.346) 
Constant term 0.438 
(2.099) 
Prob > chi2 0.0157 
a N=999. The unit of observation is a household to which a survey was delivered. The dependent 
variable is a dummy variable equal to one if the household returned the survey. Independent 
variables have the same values for all households in the same Census block, except income and 
education which are calculated at block group level.  
b Standard errors in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001 
cThis variable measures the percent of households in the block with that characteristic.  
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Table 3.5. Estimated regression coefficients a,b 
Variable (1) Conditiona  
Logit 
(2) Weighted 
Conditional 
Logit   
(3) Mixed  
Multinomial Logit 
median SDc 
Cost -0.0148*** -0.0156*** -0.0463*** 10.8256 
 (0.00312) (0.00344) (0.01356) (18.84614) 
     
Street flooding -0.00502* -0.00617* -0.00623 -0.0168 
 (0.00240) (0.00261) (0.00444) (0.00929) 
     
Backyard flooding -0.00694* -0.00424 -0.0184** 0.0158 
 (0.00277) (0.00307) (0.00568) (0.00866) 
     
Basement flooding 0.000766 0.000924 -0.00455 -0.00630 
 (0.00570) (0.00497) (0.0117) (0.0144) 
     
Basement flooding * 
(Basement owner?) 
0.00170 0.000164 -0.00415 2.138** 
(0.00642) (0.00591) (0.0138) (0.735) 
     
Basement flooding * 
(Basement owner?)* 
(Flooding experience?) 
-0.0256*** -0.0209*** -0.0236* 0.0176** 
(0.00392) (0.00428) (0.00972) (0.00594) 
     
Infiltration 0.00949*** 0.00996*** 0.0228*** 0.0132 
 (0.00232) (0.00255) (0.00562) (0.00981) 
     
Water quality = Swimmable 0.0938 0.0531 2.080*** 0.0200** 
 (0.180) (0.205) (0.389) (0.00713) 
     
Water quality = Fishable -0.0637 -0.0470 1.804*** 1.094* 
 (0.186) (0.211) (0.350) (0.451) 
     
Water quality = Polluted -1.827*** -1.731*** -1.859* -0.419 
 (0.224) (0.241) (0.767) (0.615) 
     
Log-likelihood -633.88577 -447.4639 -483.22939 
LR test p-value 0.000 0.000 0.000 
a  Standard errors in parentheses 
b *p < 0.05, ** p < 0.01, *** p < 0.001 
c  SD is the estimated standard deviation of the distribution of a parameter across the sample of 
respondents in the MMNL model. The sign of the estimated SD is irrelevant and must be 
interpreted as being positive in every case [Hole, 2007]. 
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Table 3.6. Estimated marginal willingness to pay a,b 
Variable (1) Conditional 
Logit 
(2) Weighted  
Conditional Logit 
(3) Mixed 
Multinomial Logit 
Street floodingc n.a.f -0.394* n.a.f 
  [-0.763,-0.025]  
Backyard floodingc -0.468* n.a.f -0.397** 
 [-0.855, -0.082]  [-0.687, -0.106] 
Basement floodingc 
(if respondent is basement owner 
with flooding experience) 
-1.559*** -1.289*** -0.698** 
[-2.287, -0.831] [-1.077, -0.600] [-1.129, -0.268] 
Infiltrationd 0.641** 0.637** 0.493** 
 [0.247, 1.034] [0.252, 1.022] [0.179, 0.808] 
Water quality = Swimmablee n.a.f n.a.f 44.956*** 
  [23.108, 66.804] 
Water quality = Fishablee n.a.f n.a.f 38.975*** 
  [19.598, 58.352] 
Water quality = Pollutede -123.446** -110.698** -40.170* 
[-193.800, -52.817] [-178.791, -42.605] [-78.394, -1.946] 
a  95% confidence intervals in brackets 
b *p < 0.05, ** p < 0.01, *** p < 0.001 
c Number gives marginal WTP for flood reduction in dollars per percentage increase in flooding 
frequency. 
d Number gives marginal WTP for improved infiltration (and hence aquatic habitat) in dollars per 
percentage change in infiltration rate. 
e Number gives marginal WTP for a change in water quality in dollars per categorical change 
from “boatable” level. 
f No calculation given because the affiliated parameter was not statistically significant.  
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Table 3.7. Approximatea total WTP for several hypothetical changes (in thousands of dollars) 
Scenario Type of 
estimate 
(1) Conditional 
Logit 
(2) Weighted  
Conditional 
Logit 
(3) Mixed 
Multinomial 
Logit 
Reduce basement flooding 25% 
(only basement owners with 
flooding experience benefit) 
Medianc $1,305 $1,079 $585 
Upper boundd $1,914 $1,656 $945 
Lower bounde $696 $503 $224 
 
Improve infiltration 25% Medianc $857 $852 $660 
 Upper boundd $1,383 $1,367 $1,081 
 
Lower bounde $331 $337 $239 
Improve water quality to fishable Medianc n.a.b n.a.b $ 2,086 
 Upper boundd n.a.b n.a.b $ 3,123 
 
Lower bounde n.a.b n.a.b $ 1,049 
Decrease water quality to polluted Medianc -$6,560 -$ 5,925 -$ 2,150 
 
Upper boundd -$ 10,373 -$ 9,570 -$ 4,196 
 
Lower bounde -$ 2,827 -$ 2,280 -$ 104 
     
Reduce flooding 25%  
but decrease water quality to 
polluted 
Medianc -$ 5,295 -$ 4,846 -$ 1,565 
Upper boundd -$ 8,459 -$ 7,914 -$ 3,251 
Lower bounde -$ 2,131 -$1,778 $ 120 
 
a These benefit and loss calculations make the simplifying assumption that the median parameter 
values estimated by our regressions apply across the full population of the communities surveyed. 
We based our calculations on around 52,000 total households in the area from the 2010 Census 
data. 
b No calculation given because the affiliated parameter was not statistically significant. 
c Using the median marginal WTP value as shown in Table 3.5 
d Using the lower bound of the confidence interval shown in Table 3.5 
e Using the upper bound of the confidence interval shown in Table 3.5 
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Figure 3.1. Example of choice question used in the survey 
.  
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CHAPTER 4. EXPRESSING VALUE FOR ENVIRONMENTAL 
IMPROVEMENTS IN TIME AND MONEY 
4.1 INTRODUCTION 
Choice experiment (CE) survey methodology [Louviere and Hensher, 1982] commonly 
includes the cost of a good as a variable attribute that permits monetary estimates of value, 
yielding WTP estimates that are necessarily budget constrained. I suggest an addition to CE 
methodology: the inclusion of hours of volunteer time as an attribute alongside monetary cost. 
This chapter addresses the question of whether including willingness to help, WTH, provides 
broader estimates of value where people have differential abilities to pay or volunteer depending 
on whether their biggest constraint is money or time. 
In order to explore the characteristics of a valuation method that includes an 
additional/alternative measure of willingness to pay, I will use valuation of stormwater control 
measures as a case study. Conventional stormwater management has focused primarily on 
reducing floods with centralized physical infrastructure, but the LID approach of decentralized 
stormwater solutions [National Research Council, 2009b] might require widespread landowner 
willingness to install stormwater controls (e.g. cisterns, rain gardens, green roofs), which then 
require ongoing decentralized maintenance. 
This paper will use a CE survey of urban households to estimate the values of multiple 
attributes of stormwater management outcomes, and to identify households’ WTP and WTH for 
different attributes of stormwater management controls. Previous research has estimated the 
values people have for flood reduction and some environmental benefits of stormwater 
management (see Chapter 3). The proposed approach is innovative within the realm of stated 
preference methodology for including the value of time in a new valuation approach that could 
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be used by a wide range of researchers in fields such as environmental policy, transportation 
system design, and food safety regulation. 
4.2 ECONOMIC FRAMEWORK 
The idea of substitution between money and time has been widely explored in labor and 
family economics. Heckman's (1974) model of labor supply was one of the first to address the 
value of time [Heckman, 1974]. This result comes from a model where the individual's utility is a 
function of consumer goods and leisure, and the individuals maximize their utility under two 
constraints: time and income.  
In the environmental economics literature, the opportunity cost of time is considered in 
revealed preference valuation methods such as the travel cost approach, which is often applied to 
value recreational uses of the environment. Using the wage rate or some fraction of the wage rate 
as the cost of leisure time has been a standard practice. Other approaches, such as hedonic wage 
equations [Smith et al., 1983], or shadow wage procedures [Feather and Shaw, 1999] have also 
been proposed [Hynes et al., 2009]. 
However, there is no consensus as to what is the best approach to deal with travel time in 
recreation demand models. In a recent paper Azevedo [2011] considers four different 
specifications of the variables related to the time cost and shows how the modeling choice has a 
significant effect on welfare estimates, so it is not an issue that can be taken lightly. 
Larson, Shaikh, & Layton [2004], based on stated preference data, use information on 
willingness to pay using the respondent’s time as an alternative to money. They use a CV survey 
to ask people about how much they would give of their time and combine this with information 
about their WTP money to estimate the value of time. In their framework time is a credible form 
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of payment for the environmental program, and there is a set of questions on willingness to pay 
using time that parallel the willingness to pay using money.  
Treating time as a resource implies that it has an uniform shadow price. Truong and 
Hensher [1985] point out how looking at the concept of travel time value following DeSerpa 
[1971] ‘s theory results in a transferring time value where time spent in different activities is 
disaggregated and there is utility gained (lost) in transferring from one activity to other. 
Recreation demand models, however, focus on travel time as opposed to time 
volunteering. Researchers have explored the economics of donating time and money for charity. 
In a recent paper Feldman [2010]  shows that donations of time and money are substitutes, 
although previous literature had found that they are (gross) complements.  
There are several papers that explore the reasons for people to volunteer, which is an 
apparent contradiction of neoclassical economic theory. Certain people might have intrinsic 
motivation to help others and derive utility from other people’s welfare, an effect known as 
“warm glow” [Andreoni, 1990], while others could derive utility from extrinsic motivation, this 
is, they do not directly enjoy the volunteer work but some byproduct from it such as on-the-job 
experience [Menchik and Weisbrod, 1987]. 
Despite the difficulties of putting a monetary value on volunteering (see Brown, 1999), 
the National Value of Volunteering Time is quantified annually by Independent Sector based on 
“the average hourly earnings of all production and non-supervisory workers on private non-farm 
payrolls as determined by the Bureau of Labor Statistics”. The estimate for the year 2011 was 
$21.79/hour [Independent Sector, n.d.]. 
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In explaining attitudes towards environmental activities, a common approach  is to use 
demographic characteristics [Kotchen and Moore, 2007; Saphores et al., 2006; Sidique et al., 
2010]. Some authors have also considered the effect of the opportunity cost of time and time 
constraints in the decision of take part in environmental activities [Ando and Gosselin, 2005; 
Matsumoto, 2013] 
 
4.3 THEORY AND EMPIRICAL APPROACH 
Larson, Shaikh, & Layton [2004] explain the model of consumer choices subject to two 
binding constraints: time and money. The indirect utility function is defined in equation (4.1): 
𝑉(𝒑, 𝒕, 𝒔, 𝑧,𝑀,𝑇)  =  𝑚𝑎𝑥𝒂𝑈(𝒂, 𝒔, 𝑧)  +  𝜆[𝑌 –  𝒑𝒂]  +  𝜇[𝑇�  –  𝒕𝒂]  (4.1) 
where, 
𝒂 =  [𝑎1, . . . ,𝑎𝑛] : set of activities the individual chooses from,  
𝒑 =  [𝑝1, . . . ,𝑝𝑛] : vector of monetary prices related to each activity, 
𝒕 =  [𝑡1, . . . , 𝑡𝑛] : vector of time prices, 
𝑧 : nonmarket good, 
𝒔 : the individual’s characteristics, 
Y: total money budget 
𝑇�: total time budget 
Rearranging the first order conditions, and assuming z is the quality of the non-market 
good: 
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𝑢𝑧
𝜆
= 𝑝𝑧 + (𝜇 𝜆⁄ )𝑡𝑧         (4.2) 
where 𝑢𝑧
𝜆
 is the marginal value of the quality change, 𝑝𝑧  is the money price of the 
marginal quality increment, 𝑡𝑧 is its marginal time price and  𝜇 𝜆⁄  is the scarcity value of leisure 
time (𝜇 𝜆⁄ ).  Larson et al. further show that, at the margin, willingness to pay money is the 
product of willingness to pay time and the scarcity value of the time spent on an activity.  
They also derive the compensating variation welfare measures underlying WTP time and 
money. The relationship between the two WTP measures simplifies to  
𝑤𝑡𝑝𝑚= 𝑣(𝒔).𝑤𝑡𝑝𝑇        (4.3) 
where  𝑣(𝒔) is the scarcity value of time as a function of individual characteristics 𝒔. In 
short, the ratio of 𝑤𝑡𝑝𝑚  and 𝑤𝑡𝑝𝑇 , "reveals" the individual's scarcity value of leisure time, 
𝑣(𝒔) = 𝜇 𝜆⁄ . 
For their empirical model they assume functional forms for both WTP measures and for 
𝑣(𝒔), which produce a monetary estimate of the scarcity value of time in relation to the wage 
rate.  
Based on the Random Utility Model framework and following Larson, Shaikh, & Layton 
[2004] an individual maximizes their utility function subject to a budget and a time constraint as 
in equation 4.1 The direct utility function 𝑈(. ) in this equation is determined by a composite 
good z, the characteristics of the individual s, and, in this context, the attributes of the project x. 
Time and money enter the indirect utility function via the time and money constraints. However, 
since people can get (dis) utility from volunteering, the time an individual spends in such 
activities can also be included in the direct utility function; the consumer problem then becomes:  
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𝑚𝑎𝑥 𝑈(𝐱, 𝐬, 𝑧,𝑇)        (4.4) 
s.t   𝒑𝑥𝒙 ≤ 𝑌 
     𝑻𝑥𝒙 ≤ 𝑇� 
In the context of the statistical analysis of choice question responses, the indirect utility 
function Vij for respondent i from alternative j is, then, given by: 
𝑉𝑖𝑗 ≡ 𝑣(𝒑𝑱,𝑻𝑱, 𝒔𝒊, 𝑥𝑗 ,𝑌𝐼 ,𝑇�𝐼 , 𝜀𝑖𝑗)       (4.5) 
Where xj is a vector of attributes, pj and tj are vectors of price and time associated with 
each alternative, si represents the socioeconomics characteristics of the respondent, Y and 𝑇� are 
the total income and time of the individual, and 𝜀𝑖𝑗  is an error term unobservable to the 
researcher. Assuming the error term is additive, equation 4.5 can be simplified as equation 2.1:  
 𝑉𝑗 = 𝑣𝑗�𝐱𝑗 ,𝛃� + 𝜀𝑗        (4.6) 
As mentioned in chapter 2, v(.) is often assumed to be a linear function of the attributes and of 
the residual income of the individual  �𝑌𝑖 − 𝑀𝑖𝑗� where M is the monetary cost of the alternative 
[Alberini et al., 2006]. Similarly, I introduce the “residual time” �𝑇𝑖 − 𝑇�𝑖𝑗� as the time cost of the 
alternative. This leads to the function: 
𝑉𝑖𝑗 = 𝛽0 + 𝐱ij𝛃 + �𝑌𝑖 − 𝑀𝑖𝑗�𝛽𝑀 + �𝑇𝑖 − 𝑇�𝑖𝑗�𝛽𝑇 + 𝜀𝑖𝑗    (4.7) 
The respondent chooses the alternative that yields the highest utility out of the K 
alternatives. The probability of respondent i choosing alternative k instead of j is given by: 
𝜋𝑖𝑘 = Pr (𝛽0 + 𝐱ik𝛃 + (𝑌𝑖 − 𝑀𝑖𝑘)𝛽𝑀 + (𝐵𝑖 − 𝑇𝑖𝑘)𝛽𝑇 + 𝜀𝑖𝑘 > 𝛽0 + 𝐱ij𝛃 
+�𝑌𝑖 − 𝑀𝑖𝑗�𝛽𝑀 + �𝐵𝑖 − 𝑇𝑖𝑗�𝛽𝑇 + 𝜀𝑖𝑗)   ∀𝑗 ≠ 𝑘       (4.8) 
Rearranging 4.7: 
 50  
𝜋𝑖𝑘 = Pr�(𝜀𝑖𝑘 − 𝜀𝑖𝑗� < ( 𝐱ik − 𝐱ij)𝛃 − �𝑀𝑖𝑘 − 𝑀𝑖𝑗�𝛽𝑀 − �𝑇𝑖𝑘 − 𝑇𝑖𝑗�𝛽𝑇 ]        (4.9) 
As noted in Alberini et al. [2006] equation 4.8 does not contain the terms that are 
constant across alternatives such as the intercept or the income, and in this case the time budget. 
Also −𝛽𝑀, the marginal utility of income, is the coefficient on the difference of monetary cost 
between alternatives. The distributional assumption of the error term determines the econometric 
model to be used as discussed in chapter 2. 
I estimated a basic linear utility model based on equation 4.7. Note that time helping is 
also one of the attributes x of the project. For the purpose of exposition, I can separate Tij from 
the rest of the attributes and let γ’s be the parameters associated with each element of x, so 
equation 4.7 becomes: 
𝑉𝑖𝑗 = 𝛽0 + 𝐱ij𝛄 + Tijγ𝑇 + �𝑌𝑖 − 𝑀𝑖𝑗�𝛽𝑀 + �𝑇𝑖 − 𝑇�𝑖𝑗�𝛽𝑇 + 𝜀𝑖𝑗   (4.10) 
Grouping terms, the coefficient on Tij is given by (γ𝑇 − 𝛽𝑇). Letting 𝛽�𝑇 ≡ (γ𝑇 − 𝛽𝑇) and 
omitting the alternative and respondent subscripts ij, the empirical model for N attributes is given 
by: 
𝑉 = ∑ β𝑛x𝑛𝑁𝑛=1 + 𝛽𝑀𝑀 + 𝛽�𝑇𝑇 + 𝜀       (4.11) 
where βn is the parameter associated with each attribute n, βM is the parameter on 
monetary cost (M) and 𝛽�𝑇  is the parameter on the opportunity cost of time spent in that 
alternative (T). For Treatments #2 and #3, the third and second term are omitted respectively. 
This basic model allows me to assess the marginal WTP (money) and WTH  (time) for each of 
the N attributes.  
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I expect positive and significant parameters for all the environmental attributes as well as 
flooding reduction because they all imply an improvement over the current conditions. For 
money I expect a negative coefficient indicating that spending money lowers people’s welfare. 
The coefficient on time could be negative, implying that people see spending time as a disutility 
but it could also be positive if people see volunteering as a gain in their utility.  
Neoclassical economic theory predicts that time is valued at its opportunity cost (i.e. the 
person’s wage rate). In order to test this hypothesis I used the model: 
𝑉 = ∑ β𝑛x𝑛𝑁𝑛=1 + 𝛽𝑀𝑀 + 𝛽�𝑇(𝑇 ∗ 𝑤𝑎𝑔𝑒) + 𝜀     (4.12) 
where wage is the reported hourly wage rate. This model was only evaluated for people 
who reported a positive wage. If 𝛽𝑀=𝛽�𝑇, this is an indication that individuals do value their time 
at their current wage rate. 
From this analysis I try to develop a measure of total CV, by taking advantage of having 
different treatments. An appropriate comparison that includes both costs (i.e time and money) 
could be derived by pooling the time-only and money-only treatments to estimate the money 
equivalent of a given amount of time. 
For this purpose I use the model: 
𝑉 = ∑ β𝑛x𝑛𝑁𝑛=1 + 𝛽𝑀𝑀 ∗ 𝑚𝑜𝑛𝑒𝑦𝑡𝑟𝑡 + 𝛽�𝑇𝑇 ∗ 𝑡𝑖𝑚𝑒𝑡𝑟𝑡 + 𝜀    (4.13) 
Where moneytrt and timetrt are dummies for the money and time treatment respectively. 
The coefficients 𝛽𝑀 and 𝛽�𝑇  reveal the cost of a given alternative for the respondents of each 
treatment.  
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Theory predicts that people with higher income will be less budget-constrained and thus 
have a higher monetary willingness to pay. To test this hypothesis I divided the respondents into 
three income groups and interacted the groups with the Money attribute. The model is: 
𝑉 = ∑ β𝑛x𝑛𝑁𝑛=1 + ∑ β𝑀3𝑚=2 (𝑀 ∗ 𝑖𝑛𝑐𝑜𝑚𝑒𝑚) + 𝛽�𝑇𝑇 + 𝜀     (4.14) 
Where incomem is a dummy variable for each of the income levels in which I divided the 
respondents. 
4.4 DATA  
4.4.1 Survey design 
An online choice experiment was sent to residents in two urban areas: Chicago, IL and 
Portland, OR. Following recommendations for stated choice surveys [Mattews et al., 2006], the 
survey instrument provided respondents with background information about stormwater 
management problems and controls and then presented respondents with a number of binary-
choice questions, each of which asked them to choose between a pair of hypothetical 
stormwater-control scenarios and the status quo, meaning that respondents could also choose to 
have no new stormwater management projects in their area. This opt-out option leaves flooding 
and environmental quality the same, and entails no cost. The choice questions are followed by a 
demographic questionnaire and questions about respondents’ experiences with stormwater issues. 
The final list of attributes and levels was refined according to input from water 
management experts and focus groups conducted in both Portland and Chicago. The focus 
groups were moderated by hired experienced professionals in each city, with the participation of 
6-7 people per group and a total duration of 90 minutes each. The participants replied to 
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advertisements posted in Craigslist and were rewarded with a $25 gift card. The recruitment 
method resulted in a diverse group of people of different ages, education levels and areas of the 
cities although I did not keep any information of the subjects due to confidentiality requirements.  
In each focus group, participants were given 20-25 minutes to answer a complete 
questionnaire and after they had finished, the moderator asked about aspects such their 
perceptions of the general purpose of the survey, level of difficulty, language, amount of 
questions, attribute levels, own flooding experience and general suggestions. I was present in all 
the focus groups but did not participate or answer questions. 
I also met with people at the Center of Neighborhood Technologies and the Department 
of Transportation in the City of Chicago who gave me their insight on the survey and made 
suggestion on the background information and payment vehicle. I also had input from 
environmental educators and landscape architects in the city of Portland who also made 
suggestions on the survey instrument.  
The final attributes of the survey are pollution level, quality of aquatic habitat, flood 
frequency and cost to the household either in terms of money, time or both, depending on the 
treatment. 
For the pollution level I used a modified version of the water quality ladder (see chapter 
3) which is used to convey technical parameters in an understandable manner to the public. Five 
levels are explained in the survey (polluted, boatable, fishable, swimmable and drinkable) but 
only three levels are used in the choice questions (boatable as status quo, fishable and 
swimmable) in order to make the scenarios believable. The explanation of pollution levels in the 
questionnaire is tied to the effects of CSO events and the description of each level is related to a 
possible use of the water body. 
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In the background information of the survey, I introduce the concept of aquatic health to 
assess other values that are not captured with the water quality ladder. The description of each 
level includes ecosystem functions such as population of fish, erosion of river banks and 
presence of vegetation. The levels used were fair (status quo), good and excellent. 
I also included frequency of floods in the city. This attribute captures the inconvenience 
from stormwater when it results in street, backyard and basement flooding. Street flooding 
impacts commuting time and property (basement and backyard) flooding is a direct burden and 
implies a monetary cost for preventing or remediating. The reduction of flooding is mentioned as 
one of the direct benefits of stormwater management in the background information of the 
survey instrument. The attributes are presented as relative reductions in relation to the perceived 
current level. I did not use absolute numbers because the frequency people expect vary greatly 
among respondents according to their area, commuting habits, type of housing among other 
factors. 
For the monetary cost to the household I used slightly different payment vehicles for the 
two cities since their utility bills are different. For Portland, the utility bill expressly shows a 
stormwater fee so the payment vehicle is an increment to the stormwater utility fee. In Chicago, 
the stormwater charge is currently embedded in the water and sewer fee so the payment vehicle 
in the survey is a new stormwater fee. 
Half of the surveys include the time the household would have to spend maintaining 
and/or installing LID based stormwater technologies near their homes. For this attribute, I 
explained how there would be activities suited for every person. This attribute is meant to 
capture time as an alternative form of payment or WTH. 
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4.4.2 Experimental design 
I followed standard practice in choice modeling and the attributes and levels were 
allocated to choice questions according to an orthogonal fractional factorial main effects design 
[Holmes and Adamowicz, 2003; Louviere et al., 2000; Street et al., 2005]. I generated the design 
using SAS to assure orthogonality. The final design consists of 24 choice questions that I 
grouped in 3 blocks of 8 choice questions each. 
The experiment consists of three treatment groups, to which respondents were randomly 
assigned in equal numbers in the two different cities. To evaluate the effect of having a time 
attribute to capture the value people have for features of a scenario, Treatment #1 (Time and 
Money) was presented with both time- and money-cost attributes, Treatment #2 (Money-only) 
with only a money-cost attribute, and Treatment#3 (Time-only) with only a time-cost attribute.  
I used a simple formula for calculating sample size by Yamane (1967) (used in Salant 
and Dillman, [1994][n=N/(1-Ne2)], where n is sample size, N is population size and e is 
sampling error. For large populations (<10,000) a sample size of around 380 is enough to 
provide a 5% sampling error. I survey 1,002 households in both Chicago and Portland. Since 
each survey has 8 choice questions, this sample size should also provide enough statistical power 
[Champ and Welsh, 2006].  
I administered the survey online through the company Qualtrics, which provided both the 
software and the respondents’ panel. Web-based surveys guarantee a given number of responses 
with panels of respondents who are paid to participate in surveys on a regular basis. The 
flexibility and relative low cost of web-based surveys make them a good alternative for research, 
especially with the declining response rates in mail surveys [Groves, 2006; de Leeuw and de 
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Heer, 2002]. Using simple programming tools with their software, I randomized the order of 
questions for dealing with learning effects. However, being a relatively new way of 
administration, the effects of selection to the panel and the learning effects from answering 
different surveys have not yet been studied [Smith, 2006].  
 
4.5 RESULTS 
The results of the basic regression (equation 4.9) in the whole sample (both Chicago and 
Portland combined) are depicted in Table 4.1. Despite the orthogonal design, the attributes of 
health and pollution together are collinear so I chose to drop one of the pollution levels (fishable) 
and carry on the analysis with the remaining attributes. A possible reason is that people found the 
attributes to be too similar. In every regression I assume a normal distribution for all the random 
parameters but cost. which is I assumed to be log normal to restrict the sign of the parameter. 
As expected, the environmental attributes are positive and significant at a 5% level which 
indicates that people place a positive value on environmental quality. Also, all the parameters 
have significant standard deviations around their mean suggesting that heterogeneity is 
significant for all the attributes.  
 Surprisingly, the coefficient on flooding reduction is not significant for Treatment 
Money and Time even after controlling for flooding experience (Table 4.2). The flooding 
experience reported is not as high as I expected. Only 33% of the respondents recall at least one 
flooding event in the past year and, out of those who did, fewer than 5% in Portland and 6% in 
Chicago experienced more than four events. These results suggest that people do not see 
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flooding as a major hazard or inconvenience and are not willing to pay money and time to avoid 
flooding simply because it does not affect them much. 
Economic theory predicts that the parameters on both cost and time will be negative, that 
is, spending money or time on stormwater management lowers consumer welfare. This seems to 
be true for the sample as both coefficients are negative and significant.  
Table 4.3 and Table 4.4 and Figure 4.1 show the marginal WTP and WTH. They can be 
interpreted as the amount of dollars per month people would be willing to give or the number of 
hours people would spend each month in helping with decentralized stormwater management 
projects in their neighborhood for one percent reduction of flooding, or a discrete improvement 
in quality.  
An average household in the sample would be willing to pay over $4.00 for a project that 
improves aquatic health and almost an additional dollar for less water pollution. The results 
suggest that decreasing the frequency of flooding is not as compelling, although there is 
significant heterogeneity so flooding might be important for certain groups of people. With over 
1,000,000 housing units in Chicago and over 250,000 in Portland, these numbers imply that the 
benefits of a stormwater management project with an environmental component are in the order 
of millions of dollars per month. 
In addition to the monetary WTP, people are willing to invest their own time in the 
installation or maintenance of stormwater control facilities, as much as 3.5 to 7 hours depending 
on the specific improvements that the project has to offer. The logistics of a project that requires 
participation of the community are beyond the scope of this paper, but what this high number 
reflects is the high value that people place on hydrological improvements, and a possible utility 
from helping and getting involved in environmental projects.  
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In Table 4.5 I report the results of the regression corresponding to equation 4.10. 
Consistent with the previous tables, the coefficients on Time*wage and Money are not equal to 
each other (p-value=0.0000) for Treatment #1 Time and Money. The coefficients for the other 
two treatments can not be directly tested but they are similar to those obtained in Treatment #1 
so the results do not seem to be an artifact of having asked people for time and money payments 
in the same choice question.  
These two parameters are both in terms of money now, so their ratio suggests a “discount” 
factor on the value of time. Also, the coefficient on Time*wage is a supplementary measure of 
value that should be taken into account when estimating total WTP. 
The last column was calculated by pooling Treatment #2 and Treatment #3 (Money-only 
and Time-only respectively) where Cost is equal to the money variable for Treatment #2 and 
Time*wage for Treatment #3. The coefficient of cost for people in the Time-only treatment is the 
results of the sum of both cost and cost*timetrt. Once again, the non-negative result suggests a 
low shadow price of time or a possible gain in utility from helping. 
Notice that Table 4.5 is calculated with the subsample of people who reported a positive 
wage. I chose not to make any assumptions about wage rates for people who reported 0 (students, 
some retired people and homemakers) or chose not to respond to the question. People have used 
fitted regressions to estimate a potential wage rate for those people and determine the 
opportunity cost of their time. The fact that I used only respondents with reported wages implies 
there might be a sample selection bias.  
Results in Table 4.6 were calculated by pooling Treatment #2 and Treatment #3 (Money-
only and Time-only respectively) and interacting Money and Time with a dummy for each of the 
treatments as shown in equation 4.13. The very low (in absolute value) coefficient on Time is 
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consistent with the other tables in that it reflects either a low shadow value or time or a gain in 
utility from helping (or a combination of both). 
Table 4.7 shows the results of the regression corresponding to equation 4.11. The sample 
is disproportionately allocated to the high income group with over 50% of respondents in that 
group. The results of that regression are counterintuitive in the sense that high income people 
have coefficients that are significant and higher in absolute value revealing a lower WTP. Again, 
these results could be driven by geographic sorting: high income people might be located in 
areas where there is no significant flooding. Also, wealthy people are better able to afford 
substitutes for local surface waters for activities such as fishing and swimming, so the value they 
place on water quality associated with those use values may be lower.  
 
4.6 CONCLUSION 
I used a choice experiment to assess an alternative measure of WTP for stormwater 
management. In addition to the traditional monetary WTP I used WTH or Time as a form of 
payment.  My results suggest that people see time as a way of payment but they do not value 
time at their wage rate but at a much lower rate, although this could be driven by the fact that 
people could actually gain utility from helping. Therefore, developing a measure of total CV 
from WTP and WTH might not be possible. 
Results of the experiment also shed light on the influence of income levels and flooding 
experience in the marginal WTP and WTH of people in Chicago and Portland. Higher income 
people might place a lower value on environmental attributes, which could be explained by their 
 60  
possibility of substituting goods. Flooding experience is not a big factor influencing stormwater 
management preferences in the two cities. 
Finally, from the results it is clear that people are not only willing to pay but also willing 
to help in stormwater management projects that benefit the environment. This is a strong result 
that can be used by authorities to design and implement stormwater policies. A comprehensive 
stormwater management plan that includes informing people on environmental benefits and 
having them involved in the installation or maintenance of decentralized infrastructure, could be 
a success in an urban area with stormwater issues. Cities can capitalize the WTH that people 
seem to exhibit for the benefit of the community.  
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4.7 TABLES AND FIGURES 
Table 4.1. MMNL Regression Results for pooled sample 
 Money and Time Money Time 
 Mean SD Mean SD Mean SD 
       
Flooding  0.335 2.321*** 1.162*** -1.712** 1.772*** 3.677*** 
reduction (0.334) (0.455) (0.333) (0.531) (0.395) (0.409) 
       
Aquatic health 1.504*** 0.577*** 1.554*** 0.271** 1.218*** 0.538*** 
-good (0.0997) (0.101) (0.0994) (0.0890) (0.101) (0.112) 
       
Aquatic health 2.186*** 0.925*** 2.216*** 0.901*** 2.035*** 1.097*** 
-excellent (0.117) (0.0878) (0.114) (0.0979) (0.122) (0.110) 
       
Pollution 0.265*** 0.635*** 0.222*** 0.640*** 0.358*** 1.448*** 
-swimmable (0.0770) (0.106) (0.0663) (0.0939) (0.0891) (0.103) 
       
Time -0.343*** 0.344***   -0.564*** 0.920*** 
 (0.0388) (0.0508)   (0.0570) (0.0723) 
       
Money -0.363*** 0.897*** -0.359*** 0.904***   
 (0.0238) (0.125) (0.0275) (0.163)   
       
Observations 7953 7887 7845 
Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
 
  
 62  
Table 4.2. MMNL Regression Results for pooled sample controlling for flooding experience 
 Money and Time Money Time 
 Mean SD Mean SD Mean SD 
       
Flooding  0.371 -1.639*** 1.138** -2.872*** 0.566 -3.386*** 
reduction (0.369) (0.400) (0.418) (0.655) (0.475) (0.487) 
       
Flooding  -0.602 -1.615* 0.378 0.977 1.868* 1.881 
reduction*Experience (0.574) (0.735) (0.669) (0.898) (0.802) (1.198) 
       
Aquatic health 1.428*** 0.599*** 1.517*** -0.385*** 0.980*** 0.863*** 
-good (0.100) (0.0810) (0.101) (0.0992) (0.104) (0.126) 
       
Aquatic health 2.050*** 0.868*** 2.188*** -0.882*** 1.755*** 0.840*** 
-excellent (0.108) (0.0926) (0.117) (0.0939) (0.107) (0.111) 
       
Pollution 0.260** 0.877*** 0.203*** 0.446*** 0.416*** 1.092*** 
-swimmable (0.0829) (0.0847) (0.0614) (0.0881) (0.0817) (0.0990) 
       
Time -0.341*** 0.304***   -0.530*** 0.743*** 
 (0.0372) (0.0416)   (0.0536) (0.0586) 
       
Money -0.191*** 0.253*** -0.349*** 0.826***   
 (0.0123) (0.0207) (0.0300) (0.164)   
       
Observations 7953 7887 7845  
Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 4.3. Marginal Willingness to Pay  
 Time and Money 
Treatment 
Money 
Treatment 
Flooding  0.924 3.238*** 
reduction [-0.878,2.726] [1.373,5.102] 
   
Aquatic health 4.148*** 4.332*** 
-good [3.581,4.714] [3.710,4.953] 
   
Aquatic health 6.031*** 6.174*** 
-excellent [5.313,6.748] [5.375,6.974] 
   
Pollution 0.731*** 0.619** 
-swimmable [0.317,1.145] [0.250,0.987] 
   
Observations 7953 7887 
95% confidence intervals in brackets 
* p < 0.05, ** p < 0.01, *** p < 0.001 
 
 
 
 
 
Table 4.4.Marginal Willingness to Help 
 Time and Money 
Treatment 
Time 
Treatment 
Flooding  0.978 3.144*** 
reduction [-0.940,2.895] [1.645,4.642] 
   
Aquatic health 4.387*** 2.162*** 
-good [3.490,5.284] [1.690,2.634] 
   
Aquatic health 6.379*** 3.611*** 
-excellent [5.033,7.724] [2.925,4.296] 
   
Pollution 0.773*** 0.635*** 
-swimmable [0.328,1.218] [0.310,0.961] 
   
Observations 7953 7845 
95% confidence intervals in brackets 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 4.5. MMNL  Regression Results for people who reported positive wages 
 Time and Money 
Treatment 
Money only 
Treatment 
Time only 
Treatment 
Pooled (Money 
only and Time 
only) 
 Mean SD Mean SD Mean SD Mean  SD 
         
Flooding  0.0409 1.939*** 1.610*** 2.224*** 0.816 2.993*** 1.058** -3.333*** 
reduction (0.424) (0.486) (0.427) (0.465) (0.446) (0.548) (0.324) (0.408) 
         
Aquatic health 1.334*** 0.876*** 1.559*** 0.706*** 0.643*** 1.205*** 1.099*** 0.704*** 
-good (0.127) (0.111) (0.138) (0.109) (0.133) (0.142) (0.0872) (0.106) 
         
Aquatic health 2.239*** 1.122*** 2.230*** 0.553*** 1.679*** 0.762*** 1.843*** 0.802*** 
-excellent (0.159) (0.105) (0.143) (0.141) (0.124) (0.112) (0.0922) (0.0941) 
         
Pollution -0.0470 0.685*** 0.101 0.692*** 0.471*** 0.978*** 0.177* 1.219*** 
 (0.107) (0.136) (0.0812) (0.129) (0.0922) (0.0992) (0.0745) (0.106) 
         
Time*wage -0.0058*** -0.0128***   -0.0059*** -0.0256***   
 (0.000723) (0.00154)   (0.000618) (0.00231)   
         
Money -0.151*** 0.125*** -0.342*** 0.928***     
 (0.0122) (0.0153) (0.0339) (0.209)     
         
Cost       -0.136*** -0.0340*** 
       (0.00861) (0.00309) 
         
Cost*timetrt       0.136*** -0.00510** 
       (0.00861) (0.00171) 
Observations 4836 5007 5193 10200 
Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 4.6. MMNL Regression Results for pooled treatments 2 and 3 
 Money and Time 
 Mean SD 
   
Flooding  1.335*** 2.857*** 
reduction (0.255) (0.360) 
   
Flooding  1.068*** 0.295* 
reduction*Experience (0.0612) (0.135) 
   
Aquatic health 1.706*** 1.331*** 
-good (0.0804) (0.0748) 
   
Aquatic health 0.199** 1.224*** 
-excellent (0.0605) (0.0673) 
   
Pollution 0.260** 0.877*** 
-swimmable (0.0829) (0.0847) 
   
Time*timetrt -0.00243*** 0.0255*** 
 (0.000448) (0.00262) 
   
Money*moneytrt -0.172*** 0.144*** 
 (0.0104) (0.0101) 
   
Observations 15732 
Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 4.7. MMNL. Controlling for different income levels –low, mid, high a 
 Time and Money Money 
 Mean SD Mean SD 
     
Flooding  0.384 1.902*** 0.890* -1.674** 
reduction (0.334) (0.453) (0.400) (0.589) 
     
Aquatic health 1.453*** 0.706*** 1.400*** 0.469*** 
-good (0.105) (0.104) (0.118) (0.122) 
     
Aquatic health 2.112*** 0.781*** 2.126*** 0.740*** 
-excellent (0.113) (0.112) (0.131) (0.0972) 
     
Pollution 0.172 1.022*** 0.275*** 0.525*** 
-swimmable (0.0900) (0.118) (0.0748) (0.0973) 
     
Time -0.331*** 0.217***   
 (0.0371) (0.0502)   
     
Money*Mid? -3.094*** -0.476* -- -- 
 (0.487) (0.218) -- -- 
     
Money*High? -3.485*** 0.815*** -0.143*** 0.323*** 
 (0.496) (0.217) (0.0163) (0.0598) 
     
Money -1.814*** 0.965*** -2.795*** 1.601*** 
 (0.107) (0.0574) (0.235) (0.167) 
     
Observations 7644 7581 
a Low income: Less than 40,000, Mid income: between 40,000 and 80,000, and high income: More tan 80,000 
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Figure 4.1. WTP and WTH for stormwater management attributes 
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CHAPTER 5. COMPARING PREFERENCES IN DIFFERENT URBAN 
AREAS 
5.1 INTRODUCTION 
Cost-benefit analysis requires that the social benefits and costs of a policy or a project are 
evaluated and put into monetary terms so they can be aggregated. The U.S. EPA is considering 
new regulations that might require developers to ensure that construction sites are returned to 
“pre-construction hydrology” [U.S Environmental Protection Agency, n.d.] which would 
effectively require widespread implementation of LID approaches. However, the total benefits of 
that change are hard to estimate given gaps in the literature on the benefits of stormwater 
management.  
A recent literature review on benefits of stormwater management published by the 
Natural Resources Defense Council [Garrison and Hobbs, 2011] identifies studies on the 
economic benefits of “green infrastructure” (referred as LID approaches in this document) as 
having an impact for both policy makers and researchers. The benefits of green infrastructure are, 
in most cases, evaluated from a qualitative point of view, and fail to provide monetary estimates. 
Environmental economists have long been concerned about the possibility of using 
estimated values based on a specific location or point of time and extend them to new 
applications. An interesting contribution to the stormwater management literature would be to 
compare the estimates of the benefits of green infrastructure in different geographic location, 
determine which specific attributes are more likely to differ between locations, and explore the 
possible reasons for those differences.  
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5.2 ECONOMIC FRAMEWORK 
Various methods have been used to quantify the various economic and social benefits of 
stormwater management through LID practices. Methods include estimation of the quantity of 
pollutants reduced, avoided costs, hedonic estimates and stated preference methods (see Wise et 
al., [2010]). This growing body of literature ultimately aims to incorporate those estimated 
benefits in cost-benefit analysis to assess and compare different stormwater management 
strategies. 
Cost-benefit analysis play an important role in the development and evaluation of public 
policy concerning the environment [Arrow et al., 1997] but an additional concern of researchers 
and policymakers is the potential variation of estimates across geographical regions and how to 
use the estimated values in a certain place or with a certain method to extend them to other 
locations.  
The benefit transfer approach has been frequently used by agencies like EPA [Iovanna 
and Griffiths, 2006] with different degrees of complexity spanning from simple point-estimate 
transfers to meta-analytical approaches. Underlying the benefit transfer approach is the question 
of how different (or similar) different regions are and how appropriate it is to apply the results of 
one site to a new one. 
Several reasons might explain why regions exhibit differences in their preferences 
regarding environmental features. A core concept in urban economics is the spatial equilibrium: 
the idea that if identical people choose to live in different areas then those areas must be offering 
an equivalent bundle of amenities [Glaeser, 2008]. On the other hand, the related concept of 
endogenous sorting explains how people’s choice on where to leave depends not only on the 
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observed and unobserved characteristics of the people but also on the characteristics of the 
neighborhood and the neighbors. In addition, other factors like heterogeneous status-quo and 
experiences might also dictate people’s WTP and WTH for environment related projects. 
5.3 BACKGROUND 
5.3.1 City of Chicago 
In the absence of strict federal stormwater regulations, the City of Chicago through its 
Water Agenda has taken several steps to address stormwater management issues. The Chicago 
City Council passed its “Chicago Stormwater Management Ordinance” designed to promote 
programs that minimize the negative stormwater impacts of new development and 
redevelopment in the city [City of Chicago, 2012]. The Ordinance applies to certain types of new 
developments and redevelopment and “requires specific practices to ensure that stormwater is 
responsibly managed in accordance with the goals of the Water Agenda”. Thus, the City has 
begun promoting green building design and Best Management Practices (BMPs), has taken steps 
to prevent polluted stormwater from roadways from discharging directly into Lake Michigan and 
the Chicago and Calumet Rivers, and is also working to comply with National Pollutant 
Discharge Elimination System (NPDES) Phase II requirements.  
Chicago has an underground system that combines wastewater and stormwater and 
moves them to treatment plants. When there is too much stormwater, there are combined sewer 
overflows (CSOs) where untreated waste and stormwater are released into the Chicago River. 
Homeowners occasionally experience this excess stormwater as flooding in their basements. 
Depending on the intensity and duration of a given rain event there is a possibility that some of 
the CSO water needs to be re-reversed back into Lake Michigan to prevent flooding. 
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The Metropolitan Water Reclamation District (MWRD) is working on a Tunnel and 
Reservoir Plan (TARP, or the Deep Tunnel) designed to reduce the frequency and severity of 
CSOs in the Chicago area. This system of tunnels (which are completed and already functional) 
and reservoirs (the smallest is finished, the larger two are still being dug) will capture and store 
this untreated mix of stormwater and sewage until the rain stops and there is enough capacity at 
one of MWRD's plants to treat all that water, after which it will be released into the waterways 
and flow downstream. 
The Sewer Service Rate is added as a separate line item to the water bill for customers 
within the Chicago Service Area. The average annual water and sewer bill for a single-family 
home with a meter in Chicago was roughly $340 in 2011. The Sewer Rate is 89% of the gross 
water bill. 
5.3.2 City of Portland 
The City of Portland has prepared its Stormwater Management Plan (SWMP) in 
compliance with requirements of the City of Portland’s municipal stormwater permit. The 
SWMP describes BMPs the City will implement throughout the third permit term (January 31, 
2011 through January 30, 2016) to reduce the discharge of pollutants from the municipal 
separate storm sewer system (MS4) into waters of the state, protect water quality, and satisfy the 
applicable requirements of the Clean Water Act.  
The City of Portland, which operates the storm sewer systems, completed its 20-year 
CSO Control Program in December 2011. There are now an average of four CSO events each 
winter and one event every third summer during very heavy rainstorms [Bureau of 
Environmental Services, n.d.]. The Portland Bureau of Environmental Services (BES) has also 
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done some other innovative projects to manage stormwater onsite instead of piping it into sewers 
or streams. Projects include green streets, swales, ecoroofs, rain barrels, and permeable 
pavements. 
The average single family residential monthly bill for sewer and stormwater services 
increased 5.4% on July 1, 2012. The city estimates that the average single family residential 
monthly sewer bill this year will be around $60 [The City of Portland, n.d.]. Portland’s utility bill 
is the fifth highest of the 50 largest cities in the US with an average monthly combined 
sewer/water bill of $92 or $1,104 per year. 
BES distributes educational and informational materials related to stormwater. Examples 
include water bill inserts, plant posters with stormwater pollution prevention messages, ecoroof 
question and answer fact sheets, landscape swale posters, a “Stormwater Cycling” brochure and 
map for a self-guided tour of demonstration projects, erosion control information for street tree 
plantings, and educational materials for community meetings and events.  
5.3.3 Comparison 
The cities of Portland and Chicago are ranked in the top 25 most populated Metropolitan 
Statistical Areas in the United States. Both cities have important water bodies that cross or limit 
the metropolitan boundaries and have potential recreational, touristic and commercial values for 
citizens. 
A common problem associated with stormwater events in the cities is the occurrence of 
CSOs, which have been managed through the construction of tunnels and reservoirs. The CSO 
problem has not been completely solved in either city and is a major concern of the residents. 
Also, street flooding has been identified as a major issue, impacting commuting times and 
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livability. Basement flooding affects a portion of the residents but causes individual economic 
losses. 
Stormwater fees are charged differently in both cities: in Portland it is explicitly charged 
as an additional fee, while in Chicago is just part of the overall water and sewage charge. Still, 
the annual charge for a household in Portland is over three times higher than the average charge 
for Chicago. These might be some of the reasons why Portland residents are more aware of the 
cost that stormwater management entails. In addition, the city of Portland has permanent 
outreach programs that might impact the public’s awareness of general environmental issues, 
including water quality. Chicago’s efforts at public awareness have been targeted at a 
neighborhood scale. 
5.4 DATA 
I collected data from the cities of Chicago and Portland using the same survey instrument 
described in chapter four. In addition to the choice questions, the survey included some 
demographic data and house characteristics. The sample size is 1,002 respondents divided 
equally among cities. 
As shown in Table 5.1 most of the characteristics of the two sub-samples are not different 
(at a 5% level of significance). I used a t-test or a proportion test for the difference of means and 
the Wilcoxon–Mann–Whitney test for difference in the distribution. Most of the characteristics 
that are significantly different between cities are related to housing type (including having a 
basement or crawl space). Also the percentage of reported unemployed people is higher in 
Portland.  
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Compared to the Census, people in the survey are on average older, more educated and 
with higher income. This is a normal feature of surveys and an important factor to take into 
account when using the data for policy recommendations. 
 
5.5 EMPIRICAL APPROACH  
I estimated the same basic linear utility model as in chapter 4, for each individual city. 
Omitting the alternative and respondent subscripts ij, the empirical model for N attributes is 
given by equation 4.10. This is: 
𝑉 = ∑ β𝑛x𝑛𝑁𝑛=1 + 𝛽𝑀𝑀 + 𝛽�𝑇𝑇 + 𝜀      (5.1) 
I assess the cities’ similarities and differences. More formally, I expected βM Portland < 
βM Chicago and βTPortland > βTChicago. People in a city with more exposure to LID stormwater 
issues (Portland) would have higher WTH for a stormwater management project. However, since 
Portland currently has a much higher stormwater utility fee than Chicago, I expect WTP to be 
lower in Portland. 
In order to further explore which characteristics can introduce variability between the 
cities, I use equation 5.1 but for representative subsamples chosen from the characteristics that 
seem to vary the most between the two cities. In the spirit of making the sample more 
homogeneous I use only people who report spending any time volunteering and only people who 
identify themselves as homeowners, as representative variables. 
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I expect people who report any volunteering activity to have a lower coefficient for the 
time variable than the whole sample, and in particular, I expect Portland to have an even lower 
coefficient because they report more volunteer hours. 
Home owners should exhibit a higher coefficient for the flood frequency variable as they 
might be concerned for the damage to their property in a flood event. In particular, people from 
Chicago should have a higher coefficient because they report having more houses with 
basements, where most of the damage may occur. 
To formally evaluate whether or not the two cities are significantly different from each 
other in their taste parameters I used the same model in equation 5.1, but each variable was 
interacted with a dummy variable that equaled 1 if the respondent was in Chicago.  
𝑉 = ∑ β𝑛x𝑛𝑁𝑛=1 + 𝛽𝑀𝑀 + 𝛽�𝑇𝑇 + 𝑐ℎ𝑖𝑐?∗ (∑ β𝑛x𝑛𝑁𝑛=1 + 𝛽𝑀𝑀 + 𝛽�𝑇𝑇) + 𝜀  (5.2) 
A significant coefficient for any of the coefficients interacted with the Chicago dummy 
(chic?) can be interpreted as the two cities not being equal to each other.  
5.6 RESULTS 
Regression results for each city are presented in Table 5.2, using the full sample for each 
of the treatments in each city. The results show higher coefficients for Portland than Chicago for 
every attribute except flooding, which is expected considering they report having less experience 
with flooding and fewer number of houses with basements. In fact, for people in Chicago the 
coefficients of flooding reduction are positive and significant at a 5% level in both the Money-
only and Time-only Treatments, meaning that people are willing to pay and help for reduction in 
flooding frequency, while in Portland the coefficient is only significant when people are asked 
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for monetary payments. Portlanders show higher marginal values for every other attribute, 
including Time and Money. 
The surveys show that aquatic health and hydrological function are important to all 
individuals.  This result indicates that promoting the environmental benefits of stormwater 
management projects is an important factor in inducing public acceptance of different policies, 
probably more than emphasizing on direct use benefits such us reducing the prevalence of 
flooding.  If individuals understand that fees they pay go toward maintaining or improving the 
environmental quality of that body of water, they might be more willing to accept and participate 
in the fee program in exchange for those benefits. 
Table 5.3 shows the results of the same regression but only for people who reported any 
volunteering time (roughly 2/3 of the sample in each city), In particular, I wanted to examine the 
difference between cities in regards to the time variable, which could be interpreted in two 
different ways: a negative time coefficient that is smaller in absolute value could be showing that 
people have a lower shadow value of their time and that explains why they spend time 
volunteering or it could also reveal a utility gain from volunteering and a consequent higher 
WTH. By comparing Table 5.2Table 5.2 and Table 5.3 the direction of the coefficient change is 
opposite for the two cities: the time coefficient for Chicago is lower in absolute value and in 
Portland is higher for the two treatments that include time, which is not consistent with the idea 
that people in Portland are more WTH than people in Chicago and have a higher preference for 
helping. As mentioned before, volunteers in Portland report longer hours per month than those in 
Chicago, so they might be not willing to volunteer any more since their time is already being 
used for other activities. 
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Table 5.4 shows the results for the subsample of self-reported home owners. I expected to 
see a difference in the Flooding reduction coefficient for the two cities due to the difference in 
the housing type and characteristics seen in Table 5.1. However, there is no change in 
significance between the full sample and the home owners subsample and the coefficients are 
actually lower. A possible explanation could be that the flooding variable is capturing different 
types of flooding so it does not necessarily reflects the damage caused to property; in addition 
homeowners might make higher investments in prevention or insurance and thus worry less 
about flooding events.  
The results of the regression corresponding to equation 5.2 are presented in Table 5.5 for 
each one of the three treatments. The parameters interacted with the City dummy are not 
significant in most cases meaning there are no significant differences between the cities for those 
parameters. Flooding reduction is significant in the Time-only Treatment and pollution level is 
significant in the Time and Money and Time-only treatments. These results suggest that the 
biggest difference between the two cities could be found in their attitude towards volunteering. 
In looking at Table 5.1, one of the few differences between samples is the mean volunteering 
time, with Portlanders spending significantly more time in volunteering activities. 
I expected people in a city with more exposure to LID stormwater issues (Portland) to 
have a higher WTH. However, since Portland currently has a much higher stormwater utility fee 
than Chicago, I expected WTP to be lower in Portland. A number of factors can explain why the 
results are not that different, including similarities in the sample, rather than in the population, 
but there is also the possibility that people have similar preferences in terms of WTP, WTH and 
environmental improvements and the differences among cities are just not that large. 
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5.7 CONCLUSION 
I used a choice experiment to detect differences between preferences in stormwater 
management among people in two major cities. Despite the evidence that there is heterogeneity 
in the sample, those differences can not be attributed to the different location of the respondents. 
Further exploration is needed to elicit what observable characteristics account for that 
heterogeneity. 
Individuals exhibit a willingness to help (WTH) in the stewardship of stormwater 
management projects. This result suggests that policies targeted at a local level, like a 
neighborhood, which include the inhabitants of the area, may be most successful in long-term 
stewardship of stormwater management programs.  A rain garden in a near-by park, a family 
oriented education/awareness/volunteer program, or a green streets program are all examples that 
can be initiated in small areas where people can see their efforts to improve the stormwater 
management in their neighborhood, as long as the environmental benefits are pointed out. 
Extrapolation of the actual figures from this survey has to be made with caution, due to 
the limitations of the sample. However, the results suggest that people place high value on 
environmental attributes of stormwater management projects and are not only willing to pay for 
those improvements but also willing to help in the projects that bring those improvements. 
Policies could be targeted at a local –neighborhood- level, where people would get involved as 
long as there are environmental improvements associated.  
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5.8 TABLES  
Table 5.1. Summary Statistics for the Portland and Chicago subsamples. 
Variablea  Portland 
 
Chicago 
 
N Mean Median SD Min Max Censusb 
 
N Mean Median SD Min Max Census 
Age 499 58.645 61 12.2563 18 87 35.9 
 
494 57.787 60 12.0002 6 83 32.9 
Gender                
  Male 502 0.496 
 
0.5005 0 1 49.3% 
 
500 0.500 
 
0.5005 0 1 48.5% 
  Female 
 
0.494 
 
0.5005 0 1 50.7% 
  
0.492 
 
0.5004 0 1 51.5% 
  Other 
 
0.002 
 
0.0446 0 1 
   
0.000 
 
0.0000 0 0 
   Prefer not to answer 
 
0.008 
 
0.0890 0 1 
   
0.008 
 
0.0892 0 1 
 Household size 500 2.306 2 1.1166 1 7 2.27 
 
501 2.375 2 1.1256 1 7 2.52 
Education level         c       
  Less than High School 501 0.000 
 
0.0000 0 0 10.1% 
 
496 0.002 
 
0.0449 0 1 19.8% 
  High School 
 
0.078 
 
0.2682 0 1 19.0% 
  
0.097 
 
0.2959 0 1 23.7% 
  Attended college 
 
0.267 
 
0.4431 0 1 22.7% 
  
0.240 
 
0.4275 0 1 18.1% 
  Undergraduate degree 
 
0.351 
 
0.4779 0 1 31.8% 
  
0.331 
 
0.4709 0 1 25.4% 
  Graduate school 
 
0.303 
 
0.4602 0 1 16.5% 
  
0.331 
 
0.4709 0 1 13.0% 
Employment Status         d       
  Employed** 501 0.375 
 
0.4847 0 1 63.3% 
 
498 0.464 
 
0.4992 0 1 66.1% 
  Self employed 
 
0.084 
 
0.2774 0 1 5.3% 
  
0.078 
 
0.2689 0 1 3.0% 
  Unemployed 
 
0.044 
 
0.2051 0 1 6.6% 
  
0.038 
 
0.1918 0 1 8.0% 
  Homemaker 
 
0.044 
 
0.2051 0 1 0.1%e 
  
0.042 
 
0.2012 0 1 0.1% 
  Student 
 
0.016 
 
0.1255 0 1 
   
0.008 
 
0.0894 0 1 
  
                                                 a Stars indicate significant difference between cities: *p<0.05, **p<0.01, ***p<0.001 (using WMV test of XX) b Data for each city from Census 2010. Available at American FactFinder webpage: http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml c Education attainment in Census refers to adults over 25 years old d Employment Status in Census for individuals over 16 years old e I used “unpaid family worker” in Census 
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Table 5.1 (cont.) Summary Statistics for the Portland and Chicago subsamples. 
Variablef  Portland 
 
Chicago 
 
N Mean Median SD Min Max Censusg 
 
N Mean Median SD Min Max Census 
                
  Retired* 
 
0.437 
 
0.4965 0 1 12.1%h 
  
0.369 
 
0.4831 0 1 10.3% 
Reported wage? (Y/N) 489 0.630 
 
0.4833 0 1 
  
491 0.670 
 
0.4707 0 1 
 Reported wage*** 489 22.401 15.07 35.4083 0 400 
  
491 31.439 20 71.6739 0 1000 
 Income level 
      
i 
          less than $20,000 487 0.047 
 
0.2123 0 1 50177 
 
479 0.044 
 
0.2050 0 1 47371 
  $20,000 to $29,999 
 
0.057 
 
0.2330 0 1 
   
0.033 
 
0.1799 0 1 
   $30,000 to $39,999 
 
0.074 
 
0.2619 0 1 
   
0.054 
 
0.2268 0 1 
   $40,000 to $49,999 
 
0.086 
 
0.2810 0 1 
   
0.067 
 
0.2499 0 1 
   $50,000 to $59,999 
 
0.101 
 
0.3011 0 1 
   
0.098 
 
0.2978 0 1 
   $60,000 or $69,999 
 
0.121 
 
0.3266 0 1 
   
0.094 
 
0.2921 0 1 
   $70,000 or $79,999 
 
0.078 
 
0.2685 0 1 
   
0.081 
 
0.2738 0 1 
   $80,000 or $89,999*** 
 
0.324 
 
0.4686 0 1 
   
0.445 
 
0.4974 0 1 
   $90,000 or more 
 
0.111 
 
0.3143 0 1 
   
0.084 
 
0.2769 0 1 
 Housing type 
                 House*** 501 0.834 
 
0.3722 0 1 57% 
 
499 0.745 
 
0.4360 0 1 25.8% 
  Apartment** 
 
0.070 
 
0.2552 0 1 37.9% 
  
0.128 
 
0.3347 0 1 70.4% 
  Townhouse 
 
0.060 
 
0.2375 0 1 3.6%j 
  
0.078 
 
0.2687 0 1 3.6% 
  Other 
 
0.036 
 
0.1863 0 1 
   
0.048 
 
0.2142 0 1 
   
                                                 f Stars indicate significant difference between cities: *p<0.05, **p<0.01, ***p<0.001 (using WMV test of XX) g Data for each city from Census 2010. Available at American FactFinder webpage: http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml h I used adults over 65 years old in Census i Income level in Census has different bins j I used “attached single house” from Census 
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Table 5.1 (cont.) Summary Statistics for the Portland and Chicago subsamples. 
Variablek  Portland 
 
Chicago 
 
N Mean Median SD Min Max Censusl 
 
N Mean Median SD Min Max Census 
Basement type 
                 Basement*** 501 0.224 
 
0.4170 0 1 
  
501 0.611 
 
0.4881 0 1 
   Crawl space*** 
 
0.601 
 
0.4902 0 1 
   
0.090 
 
0.2862 0 1 
   Both*** 
 
0.052 
 
0.2220 0 1 
   
0.130 
 
0.3364 0 1 
   None* 
 
0.124 
 
0.3296 0 1 
   
0.170 
 
0.3757 0 1 
 Years in residence*** 500 13.197 11 11.1449 0 51 
  
499 18.149 17 12.2541 0 52 
 Years in area*** 501 28.300 26 19.5788 0 80 
  
496 45.077 49 19.4857 0 81 
 Owns residence? (Y/N) 498 0.833 
 
0.3731 0 1 54.2% 
 
495 0.875 
 
0.3313 0 1 44.9% 
Pays the bills? (Y/N) 501 0.820 
 
0.3843 0 1 
  
502 0.793 
 
0.4057 0 1 
 Volunteering hoursm  484 8.744 4 16.3935 0 150 
  
493 6.530 3 10.0745 0 70 
 
 
  
                                                 k Stars indicate significant difference between cities: *p<0.05, **p<0.01, ***p<0.001 (using WMV test of XX) l Data for each city from Census 2010. Available at American FactFinder webpage: http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml m Difference not significant with WNV test but significant at a 5% level using a standard t-test 
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Table 5.2. MMNL results for Portland and Chicago subsamples, with three different treatments 
 Time and Money Money only Time only 
 Chicago Portland Chicago Portland Chicago Portland 
 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
             
Flooding  0.595 3.877*** 0.0854 2.301*** 1.534** -3.724*** 1.042* 2.328*** 2.566*** 5.963*** 0.857 -0.688 
reduction (0.555) (0.557) (0.508) (0.562) (0.565) (0.619) (0.530) (0.664) (0.711) (0.820) (0.527) (1.085) 
             
Aquatic health 1.765*** 0.448*** 1.703*** -0.263 1.645*** -0.449* 1.894*** 0.0619 1.226*** 0.882*** 1.528*** 0.625*** 
-good (0.171) (0.128) (0.150) (0.170) (0.161) (0.179) (0.172) (0.205) (0.179) (0.146) (0.174) (0.131) 
             
Aquatic health 2.497*** 0.846*** 2.663*** 0.762*** 2.490*** 0.931*** 2.521*** 0.900*** 1.970*** 0.897*** 2.535*** 1.583*** 
-excellent (0.199) (0.153) (0.191) (0.0966) (0.200) (0.130) (0.201) (0.138) (0.184) (0.155) (0.220) (0.217) 
             
Pollution 0.336* 1.322*** 0.189 1.101*** 0.235* 0.664*** 0.283* 0.870*** 0.273* -1.317*** 0.623*** 1.600*** 
-swimmable (0.143) (0.172) (0.137) (0.131) (0.0999) (0.129) (0.113) (0.129) (0.126) (0.147) (0.165) (0.215) 
             
Time -0.387*** 0.514*** -0.367*** 0.473***     -0.473*** 1.023*** -0.751*** -0.942*** 
 (0.0650) (0.0789) (0.0634) (0.0705)     (0.0920) (0.123) (0.0976) (0.102) 
             
Money -0.215*** 0.409*** -0.287*** 0.530*** -0.271*** 0.544*** -0.365*** 0.683***     
 (0.0255) (0.120) (0.0245) (0.0760) (0.0281) (0.128) (0.0379) (0.139)     
             
Observations 3984 3969 3936 3951 3912 3933 
Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 5.3. MMNL results for Portland and Chicago subsamples, only volunteers 
 Time and Money Money only Time only 
 Chicago Portland Chicago Portland Chicago Portland 
 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
             
Flooding  0.740 2.683*** 0.287 2.423** 2.064** -4.085*** 1.620* 3.517*** 2.770*** -5.135*** 0.809 -1.456 
reduction (0.610) (0.764) (0.627) (0.808) (0.735) (1.012) (0.702) (0.940) (0.828) (0.675) (0.669) (1.339) 
             
Aquatic health 1.552*** 0.987*** 1.649*** 0.324 1.478*** 0.769*** 1.861*** -0.0245 1.020*** 0.711** 1.411*** 0.965*** 
-good (0.202) (0.239) (0.183) (0.231) (0.204) (0.199) (0.210) (0.256) (0.184) (0.264) (0.223) (0.223) 
             
Aquatic health 2.373*** 0.0669 2.715*** 1.526*** 2.361*** 0.732** 2.381*** 0.502* 1.890*** 1.377*** 2.479*** 1.391*** 
-excellent (0.207) (0.410) (0.249) (0.184) (0.239) (0.282) (0.233) (0.213) (0.226) (0.291) (0.270) (0.258) 
             
Pollution 0.291 1.269*** -0.0154 -0.677*** 0.239* 0.545*** 0.173 1.084*** 0.273 1.495*** 0.534** 1.569*** 
-swimmable (0.192) (0.298) (0.153) (0.138) (0.119) (0.154) (0.150) (0.176) (0.175) (0.222) (0.183) (0.211) 
             
Time -0.438*** 0.597*** -0.313*** 0.582***     -0.589*** 0.807*** -0.784*** 0.836*** 
 (0.0933) (0.124) (0.0791) (0.0793)     (0.112) (0.0965) (0.119) (0.115) 
             
Money -0.196*** 0.301*** -0.200*** 0.130*** -0.305*** 0.900* -0.263*** 0.326***     
 (0.0264) (0.0559) (0.0184) (0.0215) (0.0527) (0.417) (0.0250) (0.0503)     
             
Observations 2769 2916 3936 2634 2640 2436 
Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 5.4. MMNL results for Portland and Chicago subsamples, only homeowners 
 Time and Money Money only Time only 
 Chicago Portland Chicago Portland Chicago Portland 
 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
             
Flooding  0.628 3.423*** 0.273 -2.810*** 1.677** -2.098** 1.078 2.733** 2.396** 6.752*** 0.681 0.171 
reduction (0.580) (0.934) (0.594) (0.625) (0.534) (0.757) (0.595) (1.033) (0.782) (0.973) (0.587) (0.807) 
             
Aquatic health 1.851*** -0.0538 1.654*** 0.591*** 1.724*** -0.676*** 1.770*** 0.0905 0.868*** 1.048*** 1.832*** 0.588* 
-good (0.179) (0.261) (0.176) (0.156) (0.185) (0.158) (0.180) (0.160) (0.173) (0.165) (0.203) (0.271) 
             
Aquatic health 2.446*** -1.002*** 2.367*** 1.176*** 2.358*** 0.802*** 2.432*** 0.802*** 1.754*** 0.845*** 2.862*** 1.323*** 
-excellent (0.215) (0.177) (0.211) (0.194) (0.192) (0.138) (0.204) (0.134) (0.182) (0.199) (0.248) (0.188) 
             
Pollution 0.235 -1.304*** 0.266 0.738** 0.128 0.606*** 0.275* 0.783*** 0.289 1.434*** 0.690*** 1.901*** 
-swimmable (0.160) (0.165) (0.146) (0.241) (0.103) (0.131) (0.116) (0.135) (0.152) (0.198) (0.185) (0.205) 
             
Time -0.464*** 0.530*** -0.380*** 0.603***     -0.506*** 0.800*** -0.883*** 1.156*** 
 (0.0782) (0.0890) (0.0774) (0.0867)     (0.0925) (0.104) (0.117) (0.143) 
             
Money -0.251*** 0.462*** -0.190*** 0.140*** -0.284*** 0.733*** -0.332*** 0.533***     
 (0.0284) (0.112) (0.0164) (0.0169) (0.0273) (0.161) (0.0397) (0.143)     
             
Observations 3414 3183 3369 3318 3387 3303 
Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 5.5. Random Parameter Logit Regression Results using a dummy=1 (Chi?) if respondent is 
in Chicago 
 Time and Money Money only Time only 
 Mean SD Mean SD Mean SD 
       
Flooding  -0.300 2.718*** 1.148* -3.287*** 0.978 -2.688*** 
reduction (0.513) (0.357) (0.537) (0.435) (0.561) (0.582) 
       
Aquatic health 1.407*** 0.102 1.459*** 0.515*** 1.322*** -0.886*** 
-good (0.121) (0.107) (0.130) (0.156) (0.166) (0.153) 
       
Aquatic health 2.016*** 1.101*** 2.030*** 0.999*** 2.438*** 0.965*** 
-excellent (0.147) (0.0873) (0.143) (0.0889) (0.190) (0.158) 
       
Pollution 0.0670 1.267*** 0.203* 0.563*** 0.650*** 1.530*** 
-swimmable (0.124) (0.106) (0.0924) (0.144) (0.148) (0.170) 
       
Time -0.370*** 0.469***   -0.765*** 0.997*** 
 (0.0583) (0.0521)   (0.0975) (0.0778) 
       
Money -0.181*** 0.122*** -0.261*** 0.377***   
 (0.0128) (0.0126) (0.0204) (0.0654)   
       
Flooding  1.141 0.498 0.241 1.709* 2.065* 6.471*** 
Reduction *Chi? (0.720) (0.590) (0.758) (0.764) (0.970) (0.862) 
       
Aquatic health 0.156 0.498*** -0.116 0.397* -0.225 -0.924*** 
-good *Chi? (0.168) (0.118) (0.174) (0.168) (0.237) (0.191) 
       
Aquatic health 0.244 0.155 0.112 0.342 -0.206 0.352* 
-excellent *Chi? (0.193) (0.127) (0.190) (0.191) (0.238) (0.164) 
       
Pollution 0.360* 0.645*** 0.0341 0.595*** -0.469* 1.075*** 
-swimmable *Chi? (0.177) (0.130) (0.137) (0.161) (0.213) (0.200) 
       
Time *Chi? 0.00850 -0.208***   0.231 0.345*** 
 (0.0810) (0.0588)   (0.129) (0.0810) 
       
Money *Chi? 0.0279 0.119*** 0.0267 0.0732***   
 (0.0175) (0.0137) (0.0188) (0.0136)   
       
Observations 7953 7887 7845 
 
Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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CHAPTER 6. CONCLUSION 
I used choice experiments to evaluate people’s willingness to pay for improving 
environmental attributes associated with stormwater management options.  
In the context of choice experiment methodology I showed how WTP for environmental 
improvements depends on the current condition people experience, which has important 
implications in welfare effects and thus in policy design. I also explore the inclusion of WTH as 
an additional way to express value for environmental amenities. The results show that people are 
willing to help but it might not be possible to combine WTP and WTH in a single measure due to 
difficulties in measuring the shadow value of time properly for all population. 
Regarding WTP for water quality improvements I showed how people value hydrological 
properties of water bodies, expressed as infiltration or aquatic health, on top of the traditional 
view of water quality in terms of pollution. This result holds true in every city I sampled and 
every specification, which has large implications in the quantification of benefits from 
stormwater management control that can be accomplished with non-traditional LID technologies. 
Finally, I show how people have heterogeneous preferences in their valuation of different 
attributes of stormwater management approaches, but those difference might not be directly 
related to their geographic location as much as some other characteristics. 
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APPENDIX A.  SAMPLE SURVEY FOR URBANA-CHAMPAIGN 
SURVEY 
Opinions About Stormwater Management 
 
This survey is research being done by Professor Amy W. Ando and Graduate Student 
Catalina Londoño of the Department of Agricultural and Consumer Economics at the 
University of Illinois. This survey is designed to measure the value that people have for flood 
control and water quality, and their opinions about different techniques for managing 
stormwater.  
Participation is voluntary and will take approximately 20-30 minutes. You will not be asked 
to give your name or address, and your participation in and answers to this survey will be 
held completely confidential. Individual responses will not be shared with anyone. 
You should only complete this survey if you are over 18 years old. Please complete the 
following survey to the best of your ability. You may choose not to answer specific questions 
or stop taking the survey at any time. Your decision to participate, decline, or withdraw from 
participation will have no effect on your grades at, status at, or future relations with the 
University of Illinois.  
Your participation in this survey is very important. You may not benefit directly from 
participating, but the results of this research will help local cities as they choose their 
stormwater management strategies, and the results may affect national government policy 
about stormwater. We will be happy to provide you with a copy of the final report at your 
request. 
If you have any questions about this survey research or its results please contact: 
  
Professor Amy Ando, amyando@illinois.edu, 333-5130 
Graduate Student Catalina Londoño,londono1@illinois.edu 
  
If you have any questions about your rights as a participant in this study, please contact the 
University of Illinois  Institutional Review Board at 217-333-2670 (collect calls accepted if 
you identify yourself as a research participant) or via email at irb@illinois.edu. 
You should keep this information sheet for your future reference. 
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Section 1. Outcomes of stormwater 
In urban areas, hard surfaces made by buildings and pavement cause rainwater to flow 
quickly over the land rather than soaking naturally into the soil (infiltration) or being 
absorbed by plants. In large amounts, stormwater can cause flooding and damage to 
properties and to the environment. 
 
1.  Please indicate how you feel about this statement by checking one box. 
 
 
Strongly 
disagree 
Disagree Neutral Agree Strongly 
agree 
I am very concerned about 
flooding from stormwater in my 
neighborhood 
 
 
 
 
 
 
 
 
 
 
 
2.  Please rank the following three statements in order of their importance to you.             
(1= Highly important, 3= Less important) 
• The commercial value of my house is likely to decrease if there is flooding  
 ____ 
• Flooding can cause damage to my belongings       ____ 
• During a storm I have to cope with reroutes and delays in commuting    ____ 
 
3.  How many times do you remember each of the following kinds of flooding happened 
within one block of your house in the last two years? 
Street flooding:      _____ times 
Backyard flooding (yours or your neighbors’):  _____ times 
Basement flooding (yours or your neighbors’):   _____ times 
 
4.  How many times do you think that each of the following kinds of flooding will happen 
in the next two years? 
Street flooding within 1 block of your house: _____ times 
Flooding in your backyard:     _____ times 
Flooding in your basement:     _____ times 
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Below and on the next page are descriptions of six features of possible 
stormwater control outcomes. Please read these carefully in order to answer the 
questions in the following pages. 
 
Flooding:  
This survey looks at three types of flooding: street, backyard and basement. Stormwater 
control can sometimes make one type of flooding more common in order to make another 
type of flooding less common. For example, streets are meant to carry storm water away 
from buildings during extreme storms so that the road floods instead of the houses located 
along the street. 
This survey describes flooding outcomes compared to the current situation you have right 
now. For example, if you think there are 4 street flooding events in your neighborhood a year 
right now, then an increase of 25% means that there would be 5 events, and a decrease of 
50% means that there would only be 2 events. 
 
Number of street floods 
within 1 block of your 
house 
 
 
 
Refers to the likely number of floods in the streets within one 
block of your house. For these questions, street flooding means 
at least 1 inch of water in the road for at least the length of a car. 
 
 
Number of floods in 
your backyard 
 
 
 
Refers to the likely number of floods in your own backyard.  Think 
of backyard flooding as water at least 1 inch deep over half of 
your yard. 
 
 
 
Number of floods in 
your basement 
 
 
 
Refers to the frequency in flooding of your own basement or crawl 
space. In this case, flooding means any amount of water that gets 
into your basement because of a storm. 
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Environmental features: 
 
 
Change in 
quality of water 
in nearby 
streams 
 
Streams and lakes can have different pollution levels. From best to 
worst, they are: 
• Drinkable: So clean it is safe for drinking without any treatment 
• Swimmable: Safe for people to have direct contact 
• Fishable: Clean enough that fish like bass can live in it 
• Boatable: Only safe to go boating without touching the water 
• Polluted: Worst possible quality - not fit for any use 
 
Rain from storms can carry pollution from developed areas into streams 
and lakes. Most streams in Central Illinois are at a “boatable” level right 
now. A stormwater management program could increase or decrease the 
quality of the water in the closest streams compared to that current level 
of pollution.  
 
 
 
 
Water Infiltration  
 
Water infiltration is when water sinks into the ground instead of running 
over the land.  Infiltration is good for several reasons, such as: 
 
• Water that sinks into the ground gets stored there and then keeps 
streams full during the dry season. 
• Infiltration reduces big rushes of water in streams during storms.  
• Infiltration can help recharge underground sources of drinking 
water. 
 
This feature describes the percent of rainfall in your area that sinks into 
the ground instead flowing quickly away as runoff. Research shows that 
infiltration is related to the health of fish and other stream life: 
 
• High infiltration: 100-90%.   Very healthy streams. 
• Medium infiltration: 89-75%:   Unhealthy streams, only some fish 
• Low infiltration: 51-74%:   Streams do not have much living in 
them 
• Very low infiltration: 0-50%:   Streams have no life 
 
  
Cost: 
Annual 
stormwater 
utility bill 
 
 
City efforts to control stormwater may result in additional costs to 
households.  In this survey, assume any such cost is a new annual 
stormwater utility bill.  
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Each of the following six pages has one question. You are asked to choose one option at the 
bottom of each page. Please consider the questions separately. Do NOT compare with the 
previous or the following question. 
5.  1Suppose your city could do a project that would change features of stormwater control near you. 
Options A and B are the only choices you can have instead of your current situation. Which option 
would you choose? Please read all the features of each option and then check the box that 
represents your choice below. If you don’t like option A or B, then choose the box “current 
situation" - that means no project is done, so flooding and environmental quality stay the same and 
there is no cost. 
  Option  
A 
 Option  
B 
 Current 
situation 
Number of street floods within 1 
block of your house 
 
 50% less  than 
current 
 25% more  than 
current 
 No change 
 
Number of floods in your backyard 
 
 25% less  than 
current 
 50% less  than 
current 
 No change 
 
Number of floods in your 
basement 
 
 25% more  than 
current 
 50% less  than 
current 
 No change 
 
Change in quality of water in 
nearby streams 
 
 better quality: 
fishable 
 better quality: 
swimmable 
 No change: 
boatable 
 
Water infiltration  
 
 less infiltration: 
low 
 less infiltration: 
very low 
 No change: 
medium 
infiltration 
Annual stormwater  
utility bill 
 
  
$20  
  
$40  
  
$0 
I would choose:   A   B   Current 
situation 
Section 2. Tools for managing stormwater 
                                                 1 This is a simple question. Each respondent answers six similar questions with different attributes acoording to the statistical design 
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Suppose your city had a project to build things that would do a better job of managing stormwater. 
That project could use either one of the following kinds of tools, or both: 
Centralized: 
• The city can pay to build more centralized storm drainage systems, such us curb and gutter 
water drains, stormwater sewers and detention ponds.  
• This set of tools has a single function: moving rain water away from streets and buildings.   
• The city would be in charge of building and maintaining these tools. 
• These tools are built in public spaces or underground.  
 
Tools for a centralized stormwater system 
(Source: DelDOT Stormwater Quality Website) 
Decentralized: 
• This type of stormwater control uses things like rain gardens, green roofs, rain barrels, and 
pavement that can let water sink through. 
• Some decentralized tools use plants and make green spaces that are pretty to look at. 
• The city can offer incentives for private property owners to let the city install appropriate tools 
on their private land at no cost to the property owner, but property owners would then be 
responsible for maintaining them (for example, weeding a rain garden).  
• Many of these tools increase infiltration, help reduce water pollution and/or reduce demand 
for city water supplies. 
 
 
Rain garden 
 
Rain Barrel 
 
Please answer the following questions to the best of your knowledge. There are no right 
or wrong answers; we are just interested in the experiences and opinions of all residents. 
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11.  Have you seen any decentralized stormwater tools actually in use? (For example, a rain 
garden or rain barrel.) Check one.  YesNo 
The next two questions ask you to indicate a percentage. For example, 
Question 12 asks the probability that you will accept an offer by the city. Place 
an X over the appropriate probability, for example if there is a 50% chance that 
you will accept, you would mark: 
 
Definitely Not                                                                                                       Definitely 
 
12.  Suppose the city offers to put a decentralized stormwater control tool on your property. 
If you accept then the government pays to put the tool in and sends you a yearly reminder 
about how to maintain it. There is no additional payment to you and there is no fine or 
punishment for not accepting the offer or for not maintaining the tool.  
Under these circumstances, how likely are you to accept that offer? 
 
Definitely Not         Definitely 
 
13.  To reach the same set of flood outcomes, a new city stormwater project can use just 
centralized tools, just decentralized tools, or a combination of the two. If a project uses 50% 
centralized tools, that means that half the money spent on the project is spent on more 
centralized stormwater tools, and half is spent on decentralized tools. 
What percentage of any new stormwater project do you think should be centralized?  
 
0% centralized        100% centralized 
100% decentralized       0% decentralized 
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14.  There are many different ways to manage stormwater. When you consider ways of 
coping with flooding, how important are each of the following to you? Please check the 
appropriate box for each. 
 
How important is to you that methods to 
control stormwater… ⇓ 
Not at all 
important 
Moderately 
important 
Very important 
help reduce water pollution?    
are guaranteed to be long-term solutions?    
are nice to look at?    
do not cost you very much?    
 
 
Section 3. Personal Information 
The following information is important to help the researchers check that all groups in 
your community have been fairly represented. All your answers are strictly confidential. 
15.  What is your age? ____ years 
16.  What is your gender? Male   Female 
17.  What is the highest level of education that you have completed? Check one. 
Less than high school 
High school  
Attended college 
Undergraduate degree 
Graduate school 
18.  Are you the person in your household who pays the utility bills and/or rent? Yes   No 
19.  How many people live in your household including yourself? ____ people 
20.  How many children (under 18) live in your household? ____ children 
21.  How many seniors (over 65) live in your household? ____ seniors 
22.  Do you currently own or rent your home? Own  Rent 
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23.  Does your home have a basement or crawl space? Check one.  
Basement      Crawl Space      Neither 
24.  How long have you lived in your current home? ____  years 
25.  How long have you lived in Champaign County? ____ years 
26.  To which of the following kind of organizations do you or others in your household 
belong?  Check each that is true. 
Business organizations (chamber of commerce, etc) 
Hobby clubs (gardening club, cooking group, etc) 
Environmental groups (Audubon Society, land trust, etc) 
Recreation teams (soccer, softball, etc) 
None 
27.  What category comes closest to your total household income? Check one. 
less than $25,000 
$25,000 to $34,999 
$35,000 to $49,999 
$50,000 to $74,999 
$75,000 to $99,999 
$100,000 or more 
 
Thank you for taking the time to fill out this survey! 
 
Additional comments: Feel free to write any comments you have related to this survey: 
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APPENDIX B.  SAMPLE SURVEY FOR CHICAGO-PORTLAND 
Stormwater Management Survey 
 
This survey research is being conducted by Graduate Student Catalina Londoño and 
Professor Amy W. Ando of the Department of Agricultural and Consumer Economics at 
the University of Illinois at Champaign-Urbana and Professor Noelwah Netusil of the 
Economics Department at Reed College in Portland, OR. This survey is designed to 
measure the value people have for different stormwater management approaches.  
Participation is voluntary and will take approximately 30 minutes. You will not be asked 
to give your name or address, and your participation in and answers to this survey will 
be held completely confidential. Individual responses will not be shared with anyone. 
You should only complete this survey if you are over 18 years old. Please complete it to 
the best of your ability. You may choose not to answer specific questions and can stop 
taking the survey at any time.  
Your input is very important for us. You may not benefit directly from participating, but 
the results of this research may help cities choose their stormwater management 
strategies, and may affect national policies about stormwater. We are happy to provide 
you with a copy of the final report at your request. 
 
If you have any questions about this survey research or its results please contact: 
Professor Amy Ando, amyando@illinois.edu, 217- 333-5130 
Professor Noelwah Netusil, netusil@reed.edu 503 -517-7306 
Graduate Student Catalina Londoño, londono1@illinois.edu 
If you have any questions, concerns or complaints about your rights as a participant in 
this study, please contact the University of Illinois Institutional Review Board at 217-
333-2670 (collect calls accepted if you identify yourself as a research participant) or via 
email at irb@illinois.edu. 
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DEFINITIONS 
 
Stormwater:  
In urban areas, hard surfaces made by buildings and pavement stop rainwater from 
soaking naturally into the ground or from being absorbed by plants. In large amounts, 
stormwater can cause flooding and damage to people’s properties and to the environment. 
 
Managing stormwater:  
Cities have different ways to manage stormwater.  
• The traditional approach uses centralized storm drainage systems such as curb 
and gutter water drains, stormwater sewers, storage tunnels, and detention ponds.  
• Decentralized tools such as rain gardens, bioswales, green roofs, rain barrels, and 
special pavement that can let water sink into the ground.  
 
Combined sewer overflows:  
Combined sewer systems are designed to collect rainwater runoff, domestic sewage, and 
industrial wastewater in the same pipe. During big storms, sometime more water goes into 
a combined sewer system than the pipes can hold, so the pipes overflow when necessary 
and dump wastewater directly into nearby streams, rivers, lakes, or other water bodies. 
These events are called combined sewer overflows (CSOs). 
 
Rain gardens and bioswales: 
• Rain gardens are bowl or saucer-shaped gardens with plant species designed to 
hold, absorb, and filter rainwater on-site instead of sending it to the sewer system.  
• Bioswales are ditches with plants in them; they move stormwater from a source 
(like the downspout of a roof) to a sewer system, creek, or pond while slowly absorbing 
and cleaning the water along the way. 
• Rain gardens and bioswales may have both good features and down-sides: 
o They reduce polluted stormwater entering rivers and streams. 
o They divert stormwater from the sewer system and reduce basement flooding 
and sewer backups.  
o They reduce CSOs into the Chicago River and Lake Michigan. 
o They reduce impervious surface (hard surfaces that don’t let water go 
through) so stormwater can soak into the ground. This improves conditions for 
fish, wildlife and plants in streams by increasing stream flow during dry times 
and preventing huge rushes of water when it rains. 
o They require regular maintenance. 
o They might take away space for on-street parking and sidewalks. 
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An example of a raingarden. Courtesy of Sustaining Urban Places Research Lab (SUPR Lab) 
 
 
SURVEY INSTRUCTIONS 
This survey is designed to measure what people think about possible projects that 
would add decentralized stormwater management to the traditional stormwater drains, 
sewers, and storage tunnels currently used in Chicago. The survey has two sections: 
 
Section One 
In section one you will be presented with background information and eight choice 
scenarios. In each scenario you will be asked to choose between two possible projects 
and the situation that would exist without either project (that is called the status quo).  
 
Section Two 
There are some short questions about you so we can understand what factors affect 
your opinions about stormwater management.  Remember that all your answers are 
strictly confidential. 
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SECTION ONE: STORMWATER MANAGEMENT SCENARIOS 
The following pages include background information and descriptions of five features of 
possible stormwater control outcomes. Please read these carefully before answering the 
questions. 
 
 
Status quo 
Chicago has an underground system that combines wastewater and stormwater and 
moves them to treatment plants. When there is too much stormwater, there are 
combined sewers overflows (CSOs) where untreated waste and stormwater are 
released into the Chicago River. Chicagoans occasionally experience this excess 
stormwater as flooding in their basements. Depending on the intensity and duration of 
a given rain event there is a possibility that some of the CSO water needs to be 
discharged into Lake Michigan to prevent flooding. 
The Metropolitan Water Reclamation District (MWRD) is working on a Tunnel and 
Reservoir Plan (TARP, or the Deep Tunnel) designed to reduce the frequency and 
severity of CSOs in the Chicago area. This system of tunnels (which are completed 
partially but already functional) and reservoirs (the smallest is finished, the larger two 
are still being dug) will capture and store this untreated mix of stormwater and sewage 
until the rain stops and there is enough capacity at one of MWRD's plants to treat all 
that water, after which it will be released into the waterways and flow downstream. 
The Sewer service rate is added as a separate line item to the water bill for customers 
within the Chicago Service Area. The average annual water and sewer bill for a single-
family home with a meter in Chicago was roughly $340 in 2011. The Sewer rate is 89% 
of the total water bill.  
 
Possible alternative scenarios 
The alternative scenarios in the survey refer to situations that could exist if the City of 
Chicago installs stormwater management projects in addition to the status quo that 
improve the performance of the stormwater management system. Depending on 
exactly what projects the City undertakes the cost and outcomes can vary. 
The decentralized projects to be installed could include rain gardens or bioswales in 
your neighborhood. The specific characteristics and performance could vary but all of 
them would leave enough sidewalk space for a stroller or wheelchair and would not 
take more than 10% of existing parking space. You will find a detailed explanation of 
each feature of the scenarios in the pages before the choice questions.  
 
 
ENVIRONMENTAL FEATURES: 
Stormwater control can change some of the environmental features of an area 
depending on what measures are taken. For example, as a way to prevent flooding, 
water can be conveyed directly to bodies of water bringing pollution in the form of 
residual oil, debris, and chemicals found on the streets. 
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Aquatic health 
For the purpose of this survey, “aquatic health” is a measure of a 
river or stream’s biological condition. It is an overall measure that 
includes things like: how many types of fish and wildlife live in the 
water; how many of each type; how much plant life grows 
alongside the water; what chemicals are in the water, and overall 
habitat quality.  
The biological health of streams in your area is directly influenced by human activity. In 
particular, urban development affects the flow of water in streams and how much 
pollution is carried in the water. This affects the health of streams and the plants, fish 
and wildlife that live in them.  
 
The possible levels in this category are: 
 
• Excellent: The health of streams near you is the same as what would be found 
in a "natural" system in that area. Condition can be “undisturbed” even if a stream was 
restored after having been damaged. In Illinois there would be 15-20 different types of 
fish, including rare species. 
• Good: Most features of streams are the same as a natural stream but there is 
some degradation. There are fewer types of fish, no more than 15.  
• Fair: Streams have a few plants and animals. There are between 5 and 10 types 
of fish. The banks of rivers and streams are somewhat washed away and are missing 
patches of plant growth  
• Poor: Streams are very unhealthy so that very few fish and other animals can 
live in them. Fewer than 5 types of fish are found. Fish are sick or not growing at 
normal rates. Plant growth around rivers and streams is almost absent. 
 
The rivers and the lake in and around Chicago have Fair aquatic health right 
now. 
 
 
Pollution level in the water 
 
Rain from storms can carry pollution from developed areas to 
streams and rivers and have long term effects on water quality. 
Storms can also cause CSOs which sometimes contain high levels 
of pollution that cause beach closures, shellfishing bans, or fish 
kills. The worst effects of CSOs are usually temporary; but in the 
Chicago area there are currently dozens of CSO events each year.  
 
Streams, rivers and lakes can have different pollution levels. From best to worst they 
are: 
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• Drinkable: So clean it is safe for drinking without any treatment 
• Swimmable: Safe for people to have direct contact 
• Fishable: Clean enough that fish like bass can live in it 
• Boatable: Only safe to go boating without touching the water 
• Polluted: Worst possible quality - not fit for any use 
 
 
Additional stormwater management could increase the quality of the water in the 
streams near you compared to the current pollution level.   
 
The rivers and streams in your area are on average “boatable” right now. 
 
 
FLOODING 
 
Frequency of floods 
 
This feature refers to the likely number of floods in the city.  For 
the purpose of the survey, flooding includes street, basement or 
backyard flooding. Improved stormwater management could 
reduce the frequency of floods in the city.  
 
 
 
This survey considers the following flood reduction outcomes: 
• Half as many floods will occur 
• A third fewer floods will occur 
• A quarter fewer floods will occur 
• No change 
 
 
 
 
 
In all cases, assume that areas that currently have no flooding will not 
change.  
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COST 
 
Monthly stormwater utility fee 
 
Households might have to pay money to support city or MWRD 
efforts to control stormwater. In this survey, assume any such 
cost is a fee added to the current water and sewer bill. The 
money raised will go to a dedicated program for stormwater 
management.  
 
 
This feature ranges in the survey as follows: 
• $0 (no extra fee) 
• $5 each month (equals $60 each month) 
• $10 each month (equals $120 each year) 
• $15 each month (equals $180 each year) 
• $20 each month (equals $240 each year) 
 
 
TIME 
 
Time spent monthly 
 
A stormwater control plan may mean the city puts rain gardens 
and bioswales in your neighborhood. Some stormwater 
management plans might allow you to commit to spending some 
time every year taking care of these devices so they keep 
working. There would be volunteering activities suited for 
everybody regardless of their physical ability. The city would be in 
charge of training people and keeping track of the work. 
 
Stormwater control plans could vary in how many hours you spend each month in 
activities taking care of rain gardens or bioswales in your neighborhood. 
 
In the survey, this ranges as follows: 
• 0 hours 
• 1 hour each month (same as 12 hours each year) 
• 2 hours each month (same as 24 hours each year) 
• 3 hours each month (same as 36 hours each year) 
• 4 hours each month (same as 48 hours each year) 
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SECTION ONE: CHOICE QUESTIONS 
 
In each of the next eight questions you will be asked to choose between 3 
possible scenarios that vary in the categories described above. Please do 
your best in each question to choose the combination you prefer.   
 
Suppose the city of Chicago could do a project that would improve stormwater 
management near you. The project would include installing rain gardens and bioswales 
in your neighborhood, and you might agree to spend time every month taking care of 
them. You might also have to pay some money every year for the project to be put in 
place. Assume that Options A and B are the only choices you can have instead of the 
status quo. Which option would you choose?  
 
Please read all the features of each option and then check the box that represents your 
choice below. If you don’t like option A or B, then choose the box “status quo" - that 
means no project is done, and the baseline (or status quo) situation will hold true. 
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SECTION ONE: CHOICE QUESTIONS 
 
QUESTION ONE: 
Options A and B are the only choices you can have instead of the status quo. Which option would you choose?  
 
 Flooding 
 
Aquatic  
Health 
 
Pollution level 
 
Monthly 
stormwater 
fee 
 
Hours you 
spend each 
month 
 
OPTION A 
50% less 
frequent 
 
 
Good Fishable $10 2 hours 
OPTION B 
25% less 
frequent 
 
 
Excellent Swimmable $15 5 hours 
STATUS 
QUO 
Current flooding 
 
 
Fair Boatable $0 None 
 
I choose: 
 Option A   Option B     Status Quo 
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QUESTION TWO1 
 
This is a new scenario.  Options A and B are the only choices you can have instead of the status quo. Which option 
would you choose?  
 
 Flooding 
 
Aquatic  
Health 
 
Pollution level 
 
Additional 
monthly 
stormwater 
bill 
 
Hours you 
spend 
each 
month 
 
OPTION A 
50% less frequent 
 
 
Good Swimmable  $5 5 hours  
OPTION B 
25% less frequent 
 
 
Good Fishable $15 2 hours 
STATUS 
QUO 
Current flooding 
 
 
Fair Boatable $0 None 
 
 
I choose: 
 Option A   Option B     Status Quo 
                                                 1 This is a sample question. There are 8 similar questions per questionnaire, where the attributes vary according to the statistical design 
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SECTION TWO: SHORT QUESTIONS 
These final questions are important to help us check that all groups in the City of 
Chicago have been fairly represented. All your answers are completely confidential. 
 
Please indicate how you feel about this statement by checking one box. 
 
 
Strongly 
disagree 
Disagree Neutral Agree Strongly 
agree 
I am very concerned about 
flooding from stormwater in my 
neighborhood 
 
 
 
 
 
 
 
 
 
 
 
Please rank the following three statements in order of their importance to 
you.   
      (1= Highly important, 3= Less important) 
• The value of my house is likely to decrease if there is flooding   ____ 
• Flooding can cause damage to my belongings       ____ 
• During a storm I have to take different streets because of flooding which 
increases my travel time        ____ 
 
Have you seen any decentralized stormwater tools in use? (For example, a 
green street or a rain barrel.) Check one.   
YesNo 
 
To reach the same set of flood outcomes, a new city stormwater project can use just 
centralized tools, just decentralized tools, or a combination of the two. If a project uses 
50% centralized tools, that means that half the money spent on the project is spent on 
more centralized stormwater tools, and half is spent on decentralized tools. 
 
What percentage of any new stormwater project do you think should be 
centralized?  Please slide the cursor to indicate your answer 
 
0% centralized        100% centralized 
100% decentralized       0% decentralized 
 
 
Do you currently own or rent your home?  
Own  Rent  
 
Does your home have a basement or crawl space?  
Basement      Crawl Space      Neither  Both 
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How many times do you remember each of the following kinds of flooding 
happening in the areas you spend most of your time in the last year? 
Street flooding:       _____ times 
Basement flooding (yours or your neighbors’):   _____ times 
 
How long have you lived in your current home? ____  years 
 
How long have you lived in or around Chicago? ____ years 
 
What is your zipcode? ____  
 
Do you spend time volunteering? 
YesNo 
 
If yes, how any hours per month do you volunteer? 
___ hours 
 
To which of the following kind of organizations do you or others in your household 
belong?  Check each that is true. 
Business organizations (Chamber of Commerce, etc) 
Hobby clubs (gardening club, cooking group, etc) 
Environmental groups (Audubon Society, watershed council, land trust, etc) 
Animal shelters 
Religious organizations 
Recreation teams (soccer, softball, etc) 
Other ____________ 
None 
 
Follow up: Which of them do you actively volunteer for? (Check all that apply) 
Business organizations (Chamber of Commerce, etc) 
Hobby clubs (gardening club, cooking group, etc) 
Environmental groups (Audubon Society, watershed council, land trust, etc) 
Animal shelters 
Religious organizations 
Recreation teams (soccer, softball, etc) 
Other ____________ 
None 
 
What is your age? ____ years 
 
Are you: Male   Female  Other  Prefer not to answer 
 
What is the highest level of education that you have completed? Check one. 
Less than high school 
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High school  
Attended college 
Undergraduate degree 
Graduate school 
 
Are you currently: 
Employed for wage 
Self employed  
Unemployed 
A homemaker 
A student 
Retired 
 
Please remember that the answers are confidential. Please answer both questions   
How much money do you earn each hour?  ____ 
What category comes closest to your total household income? Check one. 
less than $25,000 
$25,000 to $34,999 
$35,000 to $49,999 
$50,000 to $74,999 
$75,000 to $99,999 
$100,000 or more 
 
Are you the person in your household who pays the utility bills and/or rent?  
Yes   No 
 
How many people live in your household including yourself? ____ people 
 
 
 
Thank you for taking the time to fill out this survey! 
If you want a copy of the final report, please send a request to londono1@illinois.edu 
we will be happy to email you the results. 
Please feel free to write any comments you have regarding this survey. 
 
 
